
Weather 

Modification 

ram Office 

BOULDER, 

COLORADO 

March 1974 

NOAA Technical Memorandum ERL WMP0-15 
U.S. DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
Environmental Research Laboratories 

Computer Software for Rainfall Analyses 

and Echo Tracking of Digitized Radar Data 

STELLAN SVEN OSTLUND 



ENVIRONMENTAL RESEARCH LABORATORIES 

WEATHER MODIFICATION PROGRAM OFFICE 

IMR>RTANT NOTICE 

Technical ·Memoranda are used to insure prompt dissemi­
nation of special studies which, though of interest to 
the scientific community, may not be ready for formal 
publication. Since these papers may later be published 
in a modified form to include more recent information 
or research results, abstracting, citing, or reproduc­
ing this paper in the open literature is not encouraged . 
Contact the author for additional information on the 
subject matter discussed in this Memorandum. 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

i 

I 



U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 

Environmental Research Laboratories 

NOAA Technical Memorandum ERL WMP0-15 

COMPUTER SOFTWARE FOR RAINFALL ANALYSES 
AND ECHO TRACKING OF DIGITIZED RADAR DATA 

Stellan Sven Ostlund 

Experimental Meteorology Laboratory 

Weather Modification Program Office 
Boulder, Colorado 
March 1974 



CONTENTS 

ABSTRACT 

1. INTRODUCTION 

2. B-SCAN TO CARTESIAN CONVERSION 
2.1 Background 
2.2 General Method of Scan Conversion 
2.3 Calling Sequence and Internal Options of KART 
2.4 Flow Chart Summary 
2.5 Map Display (MAPP) 
2.6 Sample Printout 

3. RAIN SUMMATION ANALYSES (RSUM) 
3.1 General Method 
3.2 Sample Printouts 

4. ECHO ISOLATION AND ANALYSES (FOURAN) 

Page 

1 

2 

4 

4 

5 

7 

9 

10 
11 

13 
13 
15 

19 

4.1 General Method 19 
4.2 Calling Sequence of FOURAN 20 
4.3 Flow Chart of Echo Isolation and Contour Tracing 23 
4.4 Volume Rainrate Calculation for Isolated Echoes 24 
4.5 Mathematics of the Fourier Summary 24 
4.6 Echo Tracing with Pen Plotter 28 
4.7 Advantages and Problems of the Fourier Description 29 

iii 



5. ECHO MATCHING AND TRACKING PROGRAM (TRACK) 
5.1 Introduction 
5.2 Calling Sequence of Match Subroutine 
5.3 Matching Procedure 
5.4 __ Upcl~tir'lg Proc_edure __ 
5.5 Example of Use of TRACK 
5.6 Sample Printouts from TRACK 

6. ACKNOWLEDGMENTS 

7. REFERENCES 

APPENDIX A: KART PROGRAM 

APPENDIX B: RSUM PROGRAM 

APPENDIX C: TRACK PROGRAM 

iv 

30 

30 

30 

31 
35 
38 

40 

49 

50 

51 

55 

59 



COMPUTER SOFTWARE FOR RAINFALL ANALYSES 

AND ECHO TRACKING OF 

DIGITIZED RADAR DATA 

by 

Stellan Sven Ostlund 

ABSTRACT 

This paper describes computer software 
designed for digiti zed radar data. Program pack­
ages include a scan-conversion from a polar to a 
Cartesian grid system, a rain summation analysis 
over selected areas within the whole area, and an 
echo tracking program which calculates total rain­
rates and rainfalls from isolated echoes matched from 
frame to frame. All the results may be drawn on a 
pen plotter for easier interpretation. 

To avoid confusion, four definitions should be 
made as follows: 

1) Rainrate refers to rainfall rate at a point, 
measured in mm/hr. 

2) Volume rainrate refers to rainrates inte­
grated over an area to give rain volume per 
time (m 3 /hr or mm-sq mile/hr). 

3) Total rainfall is rainrates integrated over 
time to give depth of rainfall (mm). 

4) Total volume rainfall is rainrates integrated 
over both time and area to give volume rain 
(m3 or mm-sq mi I e) . 

RSUM prints total rainfall in millimeters over 
selected target areas during selected time periods for 
one day of data. Total volume rainfall for the whole 
target area is also calculated. 

TRACK isolates echoes at a specified rainrate 
threshold and finds the volume rainrate for these 
echoes. The program then tracks these echoes 
through time and integrates the volume rainrates of 
each echo to give total volume rainfall for each echo. 
The frame by frame analysis may be printed either on 
a pen plotter or CRT display. 



I. INTRODUCTION 

Data to be analyzed is typically of range normalized rainrates 

supplied at 2° azimuth increments and one-half mile range increments pre­

viously unpacked from a radar digitizer. A report by Wiggert and Andrews 

(1974) will be forthcoming on the digitizer system. Since data in the north­

west quadrant was primarily of interest, azimuth readings were only in 

the range 270° to 360°. Thus, 45 azimuths, each with 300 bins were to 

be analyzed each sweep, one sweep recorded every five minutes. 

To save computer core during the scan conversion, a method was 

used which stores only two adjacent azimuths at a time, and which reads 

these points into a portion of a 73 x 62 Cartesian grid array representing 

a 72 n mi x 61 n mi target area to be analyzed (fig. I). The data can then 

be more easily processed and printed out from Cartesian coordinates. In 

subsequent programs data summary packages include echo isolation, 

Fourier analysis of echo contours, echo tracing and calculating echo volume 

rainrates, as well as echo tracking through time. 

To convert data from B-Scan to Cartesian coordinates requires 

about IS seconds of computer time for each 90° scan on a UNIVAC 1106 

computer. If repeated analysis of data is anticipated, we have found it 

advantageous to convert the whole day's data into Cartesian coordinates 

and write this out on tape before proceeding with the other analyses. 

This avoids reconverting data to Cartesian each time. This Cartesian 

data can then be entered into either the tracking program (TRACK), or 

the rainfall integration program (RSUM). 
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2. B-SCAN TO CARTESIAN DATA CONVERSION (KART) 
I 

2.1 Background 

KART converts data from polar coordinates into Cartesian 

coordinates. Data is supplied from tape and is usually at one-half mile 

2° intervals, although these parameters are variable in the program. The 

radius of the data from the radar is between 15 n mi and 80 n mi, with 

the result that the data density ranges from 3. 8/n mi 2 to . 72/n mi 2 • 

Therefore, a 1 x 1 mile square grid system seemed appropriate, although 

at the periphery the grid wi II overestimate the accuracy of the avai I able 

data, while information will be lost at small radius. The computed 

Cartesian data is written on tape. 

Previous practice has been to read all the polar data into the 

nearest grid point on the rectangular grid. The rectangular array is 

then searched for "holes" where no data has been supplied at larger 

radius. These holes are then fi lied using the mode, max, min, or average 

of the surrounding points. (See, for instance Booth, 1972) . This method 

is fast, but has the disadvantage of misrepresenting data over small area 

at large radii. In addition, an uncertainity of ± 1 mile in locating the data 

point will result. Thus, a more accurate interpolation scheme was de-

signed. This method is described in the next section. 
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2. 2 General Method of Scan Conversion 

The data from two adjacent angles 8 1 and 82 are read simul-

taneously. All grid points in the sector 8 1 - 8 2 are found. Let 

(X
0

, Y 
0

) be a grid location from the radar origin. Let (Xz, Y z) be the 

displacement of the grid origin from the radar origin, and let (Xi, Yi) be 

the grid location from the grid origin (fig. 2). The relation 

tan 81 < Y /X < tan 82 
- 0 0 -

is necessary for (X
0

, Y 
0

) to be in the sector. A linear interpolati.on for the 

value at (X
0

,Y ), (location (X., Y.) in the grid) is performed from the 
0 I I 

four surrounding polar data points. 

Let g be the rainrate to be interpolated in the grid system. 

Pij is the rainrate at the indicated point 

where 

and 

X = Xz + N.B 
0 I 

G = Pu + S (P21 - Pu) 

F = Pu + S (P22 - Pu) 

S = (tan-l~ix0)- Sd/(82- 81) 

t = <,J X
0

2 + Y 0
2 - r1) I (r2 - r1) 

Y = Y + M.B 
0 Z I 

where M. refers to the column of (X., Y.) 
I I I 

Ni refers to the row 
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tan61 ~ Y 
0

/Xo- .s;_ tan62 

cot62 .S:...X
0

/Y 
0 
~ cot61 

Y 
0 

cot62 .S.. X
0 
~ Y 

0 
cot61 

Y 
0 

cote:a .s_xz +NiB~ Y 
0

cote1 

and performing similar substitution for Y 
0 

(Yz + Mi8)cote2 - Xz 
8 

_.::;._ Ni ~ (Yz + Mi8)cote1 - ~ 

8 

-This is a necessary condition that g (Xi' Yi) can be interpolated from the 

data on the two azimuths and is sufficient in the northwest quadrant. 

2. 3 Calling Sequence and Internal Options for KART. 

Parameters to be specified in a COMMON statement with the main 

program, only for internal purposes: 

I BINS 

IN 

JN 

DIS 

xz 

- number of bins of data along one azimuth 

- I dimension (X axis) of rectangular array. 

- J dimension of array 

- Distance between grid points 

- X-coordinate or origin of rectangular grid 

(lower left corner of the array is ( 1, 1), not the 

origin.) 

YZ - Y-coordinate of origin of grid 

KCART - 0 at beginning of program. 

KCART wi II tben count how many times KART has 

been called. KCART should be reset to zero if the 

continuity of read data is broken. 
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BN 1 (300), BN2 (300) - arrays containing data along adjacent 

azimuths. 

Input parameters in calling sequence: 

SMT starting time in minutes. Records are 

scanned unti I SMT is exceeded, then scan 

conversion begins. 

EMT ending time. 

Output parameters in calling sequence: 

RESP(IN, JN) - output array 

KEY = 0 if SMT < TIME < EMT 

= 1 if EMT < TIME 

= 2 if elevation angle bad. 

Output parameters in COMMON: 

TDIFF difference in hours between this frame and 

preceding frame. 

TDA1 

TH1 

TM1 

- Julian day. 

- hour. 

- minute. 

ELMIN - minimum elevation angle of antenna. 

ELMAX - maximum elevation angle. 
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2.4 FLOW CHART SUMMARY 

SPECIFY: 
KCART•O 
XZ, YZ, 
IN, JN, 
IBINS 

8 

KCART • KCART+1 
ELMIN • += 
ELMAX • -= 

YES READ IN: AZM I 
_r=-1 BNI, TIME, ETC. 

UPDATE: 
ELMIN, ELMAX READ AZM2 l•t-----t 

BNZ,ETC. 

TIME •GO·THI+ TM 

UPDATE KEY 

YES 

FIND: 
TDIFF 

UPDATE: 
AZMI, BNI 

KEY, TDA 1, TM I 

AZMI • AZM2 
BNI • BN2 

NO I J • 1 I 

9 

YES 

~ 
INTERPOLATE: 

• Ai:L RESP (!,J) 
WHERE (!,J) 
IS BETWEEN 

AZM I AND AZM 2 

NO 



2. 5 Map Display (MAPP) 

MAPP is a simple printing routine. The program prints the full 

X-Y array, specified in the call sequence. 

Calling parameters: Z (IE, JE) array to be printed. 

All data in the array is scanned for maximum and minimum; then 

scaled SF= 10/ (max-min). Let RSF = 1/SF. Assuming an array whose 

values are between zero and 20 has been entered, SF= . 5, and_RSF = 2. 0; 

a printed digit 3 will represent data magnitude from 6.0 to 8.0. A dot (.) 

represents data between 1. 0 and the minimum data threshold for a numerfc 

representation. Example: RSF = 3.1, MIN= 0. 

True value= 3.1 x Print value+ 0. 

Printed Symbol 1. 2 

Represented Value 1.- 3.1 3.1-6.2 6.2-9.3 

Example of printed array on following page (fig. 3); X axis is 

oriented as follows: 

This orientation is rotated 90° from standard to enable the dimensions of 

the arrays used to fit on one page. 
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2. 6 Sample Printout 
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£HL !FArE, 197l1 I KART I OSTLUND onE toosn I'AGiE 

HINIIIUM VALUE• ,oonno o'12lDl•02 DIFFRENCE• 

TRUE VALUE• ~o2l028 X PRINT VALUE + oOOOOO 
Blllllll:lflflllllflllfiiii\RI\BI\8888111\BIIIIBBBBRIIIIIIBHR~IIR8118881\RBIIM888811B88BIIBBBBIIBBBIIRBIIBBBBBBBB88811BBIIBIIBBBBII68668881811BIIIIIBIIIIIBIBIBIIIIBIBBI 

' 
" • • • 
" " • 

" ' 

• 
' • ' 

" ' ... 
• 
" • 
' 

" " ' ' 

' ' ' ' 
•. 

' • ' ' ' ' ' " . ' ' " .. ' ' '., ' ' ' ' ' • ' ' ' ' " ' ' ' ' 

• 
' • • • • • 
• • • 
' • 
• • • • 
.! 

• 
8111188111181111"888118118888B8BIIBB8888888BIINBIIBBBBBFIBIIBIIBIIB6BBIIIIBBBIIIIBBBIIBBBII8BBIIBBIIBBIIIIBBBIIB811EIBBBIIB8868888888881111118BIIIIIIIIBIIBBBIBIIBBB 

"Al RIDAR ELEV ,<; '11'1 IUOIR ELE o'l 

'lAT 177o0 HOUR 17,0 MINUTE SoO 

SAMPLE PRINTOUT FROM MAPP NORTH 

Figure 3. 
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3. RAIN SUMMATION ANALYSES (RSUM) 

3. I General Method 

RSUM is a program which uses tape data in a Cartesian grid gen­

erated by KART. Data is analyzed over specific sections of the grid 

corresponding to the location of the raingage clusters 

Six arrays are used in the program: RINT, FIM, SOU, CYP, PAH 

and GAR. They represent the rainfall volume calculated in a section of 

the grid which contains the raing;~ge clusters. RINT includes the entire 

target area, and the others describe the Immokalee, South Bay, Big 

Cypress, Pahokee and Garstang (University of Virginia) micronetwork 

areas respectively (figs. 4, Sa, Sb and 6). 

On and off time for the summation is specified on six data cards. 

Up to five non-overlapping periods of time may be analyzed for each 

cluster. Thus, if the second data card is 

17.30 18.00 18.30 20.00 

the Immokalee cluster will be summed between 17:30 and 18:00, results 

printed, and a new analysis will be repeated between 18:30 and 20:00. 

The data cards must follow the order specified above. In addition, total 

rain volume for the entire target area is calculated, and the sum is 

printed at hourly intervals from the starting time. The geometry of the 

clusters is illustrated in fig. 1. 

A contouring package (CLOT) has been included to give a con­

toured description of the arrays by use of the Cai-Comp pen plotters. 

The contour intervals will be adjusted to give approximately six 

contours. CLOT is neither listed, nor described, 
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3. 2 Sample Printouts 
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Figure Sa~ Garstang (University of Virginia) Micronetwork Rain Depth 
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Figure Sb. South Bay Network Rain Depth 
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Figure 6. Sample Printout of Rain Summation Analysis 
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4. ECHO ISOLATION AND ANALYSIS (FOURAN) 

4.1 General Method 

FOURAN is a program which uses data specified in the form of 

a rectangular array to isolate individual echoes and to analyze them. This 

is done in the following steps: 

a) The starting point of a contour associated with the threshold 

is found. 

b) The contour is traced through to its endpoint. 

c) The echo is defined as the interior of the closed contour. No 

extrapolation of contours that touch a grid boundary is attempted. 

d) Total volume rain rate of the echo (volume/time) is calculated. 

e) The path found in b) is harmonically analyzed. If NHAM is. 

the' number of harmonics analyzed, then the first NHAM sine and cosine 

coefficients are stored in an array COF. 

f) By formula 3, Section 4. 5, applied to the coefficient array in e), 

the area of the echo, the centroid (of the contour) and the perimeter are 

evaluated for each echo. 

Output is in the form of Fourier coefficients, total area, total 

volume rainrate, perimeter, and centroid location for each echo. In 

addition, a Cal-Camp plot of the PPI is obtained. 
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4.2 Calling Sequence of FOURAN. 

Input parameters: 

Z (IN, JN) - array to be analyzed. (See note below.) 

THRESH -echo threshold. 

NHAM - number of harmonics to be used. If no contour 

plotting is necessary, NHAM = 2 to save unneces­

sary calculations. 

NECH - maximum number of echoes. 

Output parameters: 

COF (NHAM, 4, NECH)- array of Fourier coefficients. 

PERl M (NECH) - array of peri meters of echoes 

RFALL (NECH) - array of total rainfalls. 

I BROS (NECH) 

AREA(NECH) 

IECH 

- starting border of echoes. 

- area of echoes. 

- number of echoes actually found. 

A plotting Common should be included if pen plotting is done 

internally. Note: The borders of the array Z are set to a large negative 

value to close all contours. Therefore, to avoid losing data, the 

dimensions of Z should be two higher than the desired array and the 

actual data points will be in rows 2 through IN-1 and columns 2 through 

JN-1. No points will be plotted outside this interior array. 
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Subroutines called in FOURAN: 

FOLL - follows path of contour. 

PUT - stores points already traced. 

DON - (logical function) checks if a contour is completed. 

ECHOF - calculates Fourier coefficients. 

RF - (function) calculates total rainfall. 

Process for defining a contour: 

a) The threshold is subtracted from all elements in Z. 

b) To find the starting point of a contour, the array is 

searched, completing each column from right to left, for a contour crossing. 

A contour crossing is found between (I,J) and (1+1,J) if Z(I,J)•Z(I+1,J) ~0. 

If the point has been previously drawn the next starting point is found. 

c) A box is defined as a set of four adjacent grid points 

The location of a box is defined as at (I, J). 

The box corresponding to a grid crossing is found, and the 

side of the box corresponding to the crossing is labeled. 

Example: 
Side 3 

p4 Ps 

Side 4 I (K,~ Side 2 

(I,J) = pl p2 
Side 1 

(X, Y) occurs in Box (I,J) on Side 1. The contour 

continues and the next point occurs on Side 2. 

21 



When two points have been found between which a contour 

crossing occurs, the exact location X andY is stored in the array XS and YS. 

The exact location is defined by a linear interpolation between the two 

adjacent points. The next point of the contour is found by searching the 

sides of the box in a counterclockwise fashion, starting from the side of 

entry. 

When the next point is found, a new box is redefined 

appropriately as a check to see if the contour is done. If not, the process 

is iterated. 

A possible ambiguity occurs at a point where two boxes 

touch only at a corner. The program includes as much area as possible in 

each echo, so a corner wi II not split the echoes. 

Example: Contour value is 0. 

+ + 
+ + 

d) After the contours have been traced through, the XS (I) , 

and YS (I) coordinates are entered into the ECHOF routine to find the 

Fourier coefficients. 

22 



4.3 FLOW CHART OF ECHO ISOLATION AND CONTOUR TRACING 

FIND CONTOUR START 1---~ 

YES 

NO 

FOLLOW CONTOUR TO 
COMPLETION AND STORE 

POINTS IN X (K) AND Y(K) 

FIND THE NHAMX4 
COEFFICENTS, AREA AND 1---~ 

THE TOTAL RAINFALL 

PLOT THE 
SMOOTHEST 

CONTOUR 

RETURN 
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4. 4 Volume Rain rate Calculation for Isolated Echoes 

Total rainfall is calculated by the RF function in the following way: 

A point definitely within the contour is entered and the eight 

surrounding points are searched to see if they are within the echo. If a 

surrounding point (I,J) is inside, (I,J) is stored, and Z (I,J) added to the 

sum. Then the next point's eight surrounding points are checked, similarly, 

unless the point has been previously counted. The process is iterated 

until no unprocessed adjacent points within the contour are left. This 

method is similar to the method used by Gray in an NSSL echo isolation pro-

gram referenced by Barclay and Wilk, 1970. 

4. 5 Mathematics of the Fourier Summary 

After the XS (I) and YS (I) coordinates are entered into ECHOF, 

the Fourier coefficients are computed as follows: 

Letr(l) = (XS(I), YS(I)) define the known points along the curve. 

The true path is defined as the continuous and piecewise linear curve 

connecting r(l) and r(l+l). Let s be the arclength parameter from the start-

ing point. Let (X(s). Y(s)) be the true path as a function of arclength. 

(2) Y(s) = t cncos (
2
[7ts1 + dnsin (

2
7_1ts) 

n=o 

24 



where L is the perimeter of the curve. Note that 

IN-1 
L= 2:: 

1=1 

and for n;o!o 

an= f jx(s) cos e~7tS~ ds 

~ = t jx(s) sin ~~7ts) ds 

en= f jv (s) cos 0~1tsJ ds 

dn = t .fv (s) sin enr~ ds 

EXAMPLE: 

I 2 3 4 5ziM 

~~ml ~ 1-: 1-·~ I ; I ~ I 
4.0~ ~ 

X(S) 2.0l ~ /~ 
0-~-

YIS) 2~l ~ ;;rs~ 
0 ~ 6.1 10.1 12.3 

3.6 
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By Fourier's. theorem (with 1~ n~ ( NHAM)) 

L 

an = ~ i X(s) (
2n1tS) cos -L- ds 

(
2n1ts) X(s) cos -L- ds 

sin (
2nl1ts i) 

cos (2n~s i) 
sin ( 2n~s i)ri +1 

!ii 

where p1 and q1 are coefficients which describe the line segments of the 

path. 
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These latter expressions (1) and (2) are easily generated on the 

computer. 

For n = o 

a 
0 

1 L 
= [ [ x(s) ds 

-= x centroid of curve. 

Similarly, bn, en and dn are found. 

Note that a
0 

and c
0 

give centroid of the curve for the i th echo. 

COF (n, 1, I) = an-1 

COF (n, 2, I) = b n-1 

COF (n, 3, I) = cn-1 

COF (n, 4, I) = dn-1 

Area of the echo is found by the following method: 

Area = J da = J dx dy 
A A 

= J X dy 

3A 

= ( x~ ds 
dA ds 

27 



to: 

Using (I) and (2), 
L 

foa = J x(s) d~~s) ds 

A o 

L 00 

=fL 
o n=o 

2n 7t 
L 

• (-en sin 
2n7ts 

L 

+ b . 2n7ts., 
n sm [ J 

+ dn cos 
2~7ts) ds 

By the orthogonality relations of sine and cosine, this is reduced 

The sign (!_) of the area will depend on the direction in which the curve 

has been traced. 

4. 6 Echo Tracing with Pen Plotter 

Echo tracing is done internally as a subroutine of FOURAN using 

the FOUPLO routine. FOUPLO uses the perimeter and the harmonic coeffi-

dents. Using relation (I) and (2) in Section 4. 5, and terminating the sum 

at NHAM harmonics, a parametric representation of the echo is obtained. 

This is easily plotted by breaking up arclength into a suitable number of 

pieces. 

28 



Since the array desired is within the bigger array (See note, Section 4.2), 

the border will be considered rows 2 and JN-1 and columns 2 and IN-1. No 

points will be plotted outside this area. 

4. 7 Advantages and Problems of the Fourier Description 

The major advantage of the Fourier method of describing echoes 

is that all the information about the shape of the echo is represented by the 

Fourier coefficients generated. The coefficients provide a means of evaluat­

ing area, centroid of the contour, and ellipses associated with each echo. 

The border can also be easily reconstructed in the form of a parametric 

representation, and plotted. 

One problem is that the Fourier representation describes closed 

contours best. Therefore, in order to close contours actually ending on a 

boundary, the border of the array was set to a large negative value, which 

necessitates overdimensioning the array to avoid losing data. Also, a very 

intricate path may be poorly represented by nine harmonics, although, for 

the applications described herein, the path description was very satisfactory. 

(See Blackmer and Duda, 1972.) 

A major information loss from the original data occurs because the 

Fourier coefficients cannot describe data variation within the echo without 

resorting to multilevel contouring. Although multi level contouring was 

experimented with, the Fourier description could not assure that contours 

would not cross each other when the gradient was steep. The individual 

contours would be fairly accurate, but they sometimes cross. Another 

interpolation scheme has been followed in the contouring package. 
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5. ECHO MATCHING AND TRACKING PROGRAM (TRACK) 

5. 1 Introduction 

The tracking program is divided into two parts, matching and 

updating. MATCH uses the areas and centroids from two successive 

sweeps, calculated by the Fourier methods described earlier to provide 

an "echo match between the frames. This information is used to describe 

echo movement, assign invariant numbers to echoes so they can be more 

easily followed, and integrate the total rainfall rate following the echo. 

The program recognizes splits and mergers, lost echoes and new echoes. 

The guide to develop this program was intuition. An operator of 

a radar scope is assumed to be the best echo tracker, so the technique 

developed tries to duplicate as closely as possible what I have assumed 

to be his intuitive approach to the tracking problem. Therefore, the pro­

cedure used avoids detailed analytic procedures computed on the data, 

and instead uses only a limited shape description, area and centroid to 

perform the matching from one frame to the next. 

5.2 Calling Sequence for Matching Subroutine 

MATCH(AREA1, AREA2, XC1, YC1, XC2, YC2, NECH1, NECH2, 

RFALL, K30, FMETl, FMET2, SQ1, SQ2, K3) 

AREA 1 (NECH 1) - areas of the echoes in the first frame. 

AREA2 (NECH2) - areas of the echoes in the second frame. 

30 



XC1 (NECH1) - X-coordinate centroids in the first frame. 

YC1 (NECHl) - Y-coordinate centroids in the first frame. 

XC2 (NECH2) - X-coordinate centroid in second frame. 

YC2 (NECH2) - Y-coordinate centroid in second frame. 

NECH1 - number of echoes in first frame. 

NECH2 - number of echoes in second frame. 

RFALL (NECH 1) - total rainrate of echoes in first frame. 

K30 - 30 

K3 - 3 

FMET1 (K30, K3) - The A, B, C metric coefficients discussed in 

section 5.3 for each old echo. 

FMET2 (K30, K3) - metric coefficients for the new echoes. 

SQ1 (NECHl) - the K for each old echo. (See section 5.3) 

SQ2 (NECH2) - the K for each new echo. 

In addition to these call parameters, a COMMON /MAT/ must 

be used in the program which calls the tracking program. A COMMON 

;BLOK' must be used to supply the correct hour and minute. 

5.3 Matching Procedure 

The essential output from the matching section of MATCH are 

two arrays, MATCH1 and MATCH2. MATCH1 recognizes splits, while 

MATCH2 recognizes mergers. MATCH1 (I,K) (K"2:2) reters to an echo in 
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frame 2 which has been matched to echo I in frame 1. MATCH2 (1, K) 

refers to an echo in frame 1 which has been matched to echo I in 

frame 2. Amon:. detailed interpretation is included in section 5.5. 

To generate MATCH1 and MATCH 2, the subroutine proceeds 

as follows: 

a) A predicted displacement from the preceding information 

available is added to the centroid position of echoes in frame 1. The 

.predicted displacement is an average echo motion of the three preceding 

time frames for this particular echo. If the echo was found very recently, 

and three frames are not available, the program uses the previous avail­

able times. When an echo is found, initially zero displacement is anti­

cipated. To guard against erratic movement displacing the echo too 

much, a 36 knot limit for predicted motion is included. Henceforth, 

p-displacement refers to this predicted displacement. 

b) A check for 1-1 matches is made. The best match to 

echo I with respect to both centroid and area is found and entered into 

MATCH1 (I, K). If no suitable match is found, this element is left 

zero. After having attempted matching all echoes in frame 1 to frame 

2 by this method, the program attempts to find splits. 

c) The program finds and ranks the five best echo 

matches that have not been matched previously by (b) to other echoes 
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with respect top-displacement only. Splits are recognized between old 

echo 11 and new echoes 12 and J2 if the following criteria are satisfied: 

(i) The centroid of 12 and J2 is within a close distance 

of the interior of echo 11. 

(ii) The centroid of 12 and J2 taken together is closer to 

the interior of echo 11 than each echo taken separately. 

d) The program then iterates the above procedure with the 

third best match, but now considers 12 and J2 to be one echo, its centroid 

and area being the combined centroid and area of 12 and J2. A limit of 

five fragments for each echo can be located. 

e) After all splits have been found, the data from the two 

frames are reversed, and mergers are found identically with a merger 

being considered a split backward in time. Mergers are entered into 

MATCH2. 

The foregoing process for ranking echoes and determining 

whether an echo is a candidate for a split fragment is one which essen-

tially considers only the ellipses matching best to the echo, described by 

the zeroth and first Fourier coefficient. 

... 
Let the best ellipse describing the contour of the echo r(s) be 

1 e (s). For simplicity, translate the ellipse to the origin. 

A ' 

=x(s) i +y(s) j 
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co= ~ where L is the perimeter 

a) r: (s) = (a cos (cos) + b sin (cos)) 
A 

+ (c cos (cos) + d sin (cos)) j 

It is also known that an elipse has the general form xi+ yj 

where the relation between x and y is 

b) Ax2 + 8xy + Cy2 = K 

for some A, 8, C and K. 

Substituting x and y from a) into b) we see that the relation 

(Aa2 + 8ac + Cc2 ) cos2 (cos) 

+ (2Aab + 8 (ad +be) + 2Ccd) sin(cos) cos (cos) = K 

Since this must hold for every s, then A,8,C must be restricted by 

Aa2 + 8ac + Cc2 = K 

Ab2 + 8bd + Cd2 = K 

2 Aab + 8 (ad + be) + 2Ccd = 0 

Thus there are three equations for A, 8 and C (given K) which 

can be solved by matrices. 

It will be noticed that the maximum x value will be ..J a2 + b 2 

and the maximum y value will be ..Jc2 + d 2
• Thus, the maximum value 

for x 2 + y 2 will be a2 + b 2 + c 2 + d 2 and a reasonable value for K for the 
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bilinear form b) to approximate the standard metric form x2 + y2 will 

be K = (a2 + b 2 + c2 + d 2
) /2. 

To determine whether the centroid of an echo is inside or near 

the ellipse, dis= Adx2 + Bdxdy + Cdy2 where (dx, dy) is the vector be­

tween the two centroids is evaluated. If!:!!! is less than K, the centroid 

is inside the ellipse. If!:!!! is close to K, the point is near the border. 

This method can now be applied to determine which new echoes 

fall within a reasonable distance of the interior of the ellipse. Instead of 

matching only centroids with respect to distance, the method takes the 

ellipticity of the echo into consideration. The calculation of the A, 8, C, 

metric coefficients is performed in subroutine METRIC. 

Other methods to determine whether a point is inside or outside 

an echo were investigated, but were deemed too time consuming for the 

extra information made available. 

5. 4 Updating Prccedure 

The update section of MATCH analyzes the arrays MATCHl and 

MATCH2 and prints the following information about each echo: 

a) Identification number - remains with echo until it is 

lost, either totally or by merger or split. The first two digits refer to 

hour found, the second two to minute echo was first found, the third two 

to the order in which it was found in the frame, and the last digit to the 
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method by which the echo emerged. A last digit of zero means echo was 

new growth, a 11 111 means it was the result of a split, and a 11 211 means it 

was the result of a merger. 

Example: 

910051 refers to an echo found at 9:10, fifth in that frame, 

and was the result of a split. 

b) Auxiliary identification number - ranges from 1 to 30 and 

refers to the index corresponding to the echo. Echo with auxiliary identi­

fication of I has volume rainrate (RFALL(I)). This number remains with 

an echo until the echo is lost, but after that it may be taken by a new echo. 

c) Centroid - refers to the (X, Y) position of the echo's cen­

troid. The echo centroid is considered to be the centroid of the curve. 

This will be quite close to the area centroid except in very unusual cases. 

d) Total rainrate - refers to the summed total rainfall rate 

for the particular time. 

e) Total rainfall - the total volume rainfall associated with 

each echo since the echo was found. 

f) Status - self explanatory. NEW refers to next time frame; 

OLD, LOST refers to preceding time period. 

The program finds the status of an echo as follows: 

(Note that K ranges between 2 and 6 in the following paragraphs.) 

36 



(i) One- one match between 11 and 12 if 

MATCHl (11, K) = 12, 0, 0, 0, 0 and 

MATCH2 (12, K) = 11, 0, 0, 0, 0 

(ii) 11 splits into (12k) if 

MATCHl (11, K) = 12
1

, 12
2

, 12 , 12 , 12 . 
3 4 5 

(iii) (IlK) merges into 12 if 

(iv) 11 is lost if 

MATCH 1 (11 , K) = 0, 0, 0, 0, 0 and 

MATCH2 (12, K) t 11 for every 12 and K. 

(v) 12 is new growth if 

MATCH2 (12, K) = 0, 0, 0, 0, 0 and 

MATCHl (11, K) + 12 for every 11 and K. 

g) When the results are plotted, the following shortened des-

cription is used. The auxiliary identification is used and the following 

interpretation is to be made of the letters printed: 

NG - new growth 

ME - merger 

RM - result of merger 

SP - split 

RS - result of split 

LO - lost echo 

TR - tracking old echo 
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5. 5 Example of Use of TRACK 

The- isolation and tracking program was applied to data from 

June 26, 1973. Because echo activity before 1400 EDT was slight, data 

was analyzed from 1400 EDT to 2030 EDT. Most of the echo activity 

occurred after 1730 and the plots from 1730 to 1845 are included at the end 

of this section. 

Approximately 100 echoes were found and tracked between 1400 

and 2030, although in reality there was less activity than 100 echoes 

would indicate. An echo split will be considered one echo lost and two 

new echoes formed. The tracking program printed 340 descriptions (such 

as 1905021 tracking), of which I judged approximately. ten to be incorrect. 

Thus, about 97 percent of the computer descriptions were accurate 

according to my judgment. However, the printout is in such form that 

the significant echo data may be recovered manually by adding together 

a couple of numbers in the case of a computer mismatch. 

For an example of program output, refer to the next section. 

A description of echo 1720021 follows. The echoes discussed are labeled 

with a*. 

Echo number 1720021 indicates the echo was the result of a split, 

and was found at 1720. The area of the echo was 37.3 n mi 2 at 1730 and 

the volume rainrate was 259.0 mm-n mi 2 /hr. (8.89 x 10 5 m3 /hr). The 

total rain volume from this echo since it was found (at 1720) was 
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31.1 n mi?.-mm (1.07 x 105 m 3 ). This echo is labeled 3 on the pen plotter 

picture. At 1730 the echo is heading toward 104. 8" at 7. 3 knots. 

The echo is tracked until 1810 when it merges with echo 1745030 

(labeled 5 on the picture) to form a new echo 1815032. So total volume 

rain fallen from 1720021 was 415.7 mm-n mi 2 (1.4 x 106 m3
) from 1720 

until it was lost at 1810. 

The new echo 1815032 is large and intense. 1815032 is lost at 

1840 after a total rain volume of 464.9 n mi 2 -mm (1.6 x 106 m3
) has fallen. 

The echo splits into echoes 1845041 and 1845081. 
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5.6 Sample Printouts from TRACK 
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.r:o -

@ 

8 
(f) 

177 17 30 

MAX RADAR ELEV .5 

DAY 177 .D HOUR 17.0 

IDENTIFICATION CENTROID 

1730021 1 ~24.5,24.6~ 1730031 2 19.8,16.5 
*1720021 3 30.3,34.6 

1735010 4 (71.7,37.D) 

DAY 177.0 HOUR 17.0 

1730021 1 25.2,24.6! 
1730031 2 19.9,16.3 

*1720021 3 31.6,34.5 
1735010 4 71.7,37 .0 
174D01D 1 73.8, 8.a 

MIN RADAR ELE .4 

MINUTE 30.0 

AREA 

26.3 
29.4 
37.3 
2.7 

MINUTE 35.0 

16.9 
29.7 
54.8 
2.7 
2.5 

• Me~s discusSed in foregoing section 

TOT .RT 

69.2 
86.2 

259.0 

29.3 
95.4 

415.0 
6.3 

I TR 
2 TR 
3 TR 
4 NG 

TOT. RN 

5.8 
7.2 

31.1 

8.2 
15.1 
65.6 

.5 

Q 
/]J 

(j) 

177 17 35 

STATUS 

TRACKINR OLD ECHO HEADING 
TRACKING OLD ECHO HEADUIG 
TRACKING OLD ECHO HEADING 
NEW ECHO 

ECHO LOST 
TRACKiflG OLD ECHO HEADING 
TRACKING OLO ECHO HE/\DING 
TRACKING OLD ECHO HEADING 
flEW ECHO 

1:. 

I LO 
2 TR 
3 TR 
4 TR 
I NG 

88.3 DEGREES AT 11.4 Kl-IOTS 
155.4 ~EGREES AT 4.6 KNOTS 
104.8 DEGREES AT 7.3 K."'OTS 

104.3 DEGREES AT 5.3 KIIOTS 
101.8 DEGREES AT 6.8 KNOTS 
22.1 DEGREES AT 8.6 Ka'lOTS 



.., .... 

Q 

rJ> 

t77 t7 40 

DAY 177.0 HOUR 17.0 MINUTE 40.0 

IDENTIFICATION CENTROID AREA 
1740010 1 !73.8, 8.8) 2.5 
1730031 2 20.5,16.3) 20.8 

•1720021 3 !'2.5,34.5) 65.4 
1735010 4 71.9,37.5l 7.5 
1745020 1 48.0. 8.4 8.3 
1745030 5 47 .5,33.5) 5.3 

DAY 177.0 HOUR 17 .o MINUTE 45.0 

1745020 1 (48.0, 8.4) 8.3 
1730031 2 (20.7,16.9) 3.3 
~720021 3 (33.1,34.8) 67.9 
1735010 4 (72. 1,38.0! 5.8 
1745030 5 (47.5,33.5 5.3 
1750010 2 (73.8, 8.9 2.7 

~ears discussed in foregoing section 

® 

/, 

TOT.RT 
11.8 
47.8 

626.5 
41.1 

18.6 
7.8 

718.5 
18.7 
10.2 

I LO 
2 TR 
ll TR 
4 TR 
I NG 
5 NG 

TOT .RN 
1.0 

19.1 
117.8 

4.0 

1.5 
19.8 

177.7 
5.5 

.9 

I TR 
2 LO 
ll TR 
4 TR 
5 TR. 
2 NG 

Q~ 
tJ 

12 
11:> 

t77 t7 45 

STATUS 
ECHO LOST 
TRACKING OLD ECHO HEADING 66.6 DEGREES AT 4.2 KNOTS 
TRACKING OLD ECHO HEAOING 86.3 DEGREES AT 6. 8 KNOTS 
TRACKING OLD ECHO HEADING 20.9 DEGREES AT 7.0 KNOTS 
NEW ECHO 
NEW ECHO 

TRACKING OLD ECHO HEADING 356.2 DEGREES AT 11.9 KIIOTS 
ECHO LOST 
TRACKING OLD ECHO HEADING 67,9 DEGREES AT 3. 6 KtlOTS 
TRACKING OLD ECHO HEADING 346.0 DEGREES AT 2.0 KNOTS 
TRACKING OLD ECHO HEADING 52.6 DEGREES AT 4.0 KNOTS 
NEW ECHO 



""' w 

@CP 

w 
177 17 50 

DAY 177.0 HOUR 17 .o MINUTE 

lilEtHIFICATION CENTROID AREA 
1745020 1 (47.9, 9.1) 14.6 
1750010 2 173.8, 8.9) 2. 7 

*1720021 3 33.3,35.1~ 67.0 
1735010 4 Fl.6,37.s 19.5 
1745030 5 47.7,33.7 20.4 
1755030 6 (50.4, 5.5) 2. 4 
1755070 7 (16. 1 ,13.9) 2,6 

DAY 177.0 HOUR 17.0 MINUTE 

1745020 1 (47 .7. 9.4) 12,2 
1750010 2 (73.9, 8.8! 2,7 

*1720021 3 ~33.5,35.3 71.5 
1735010 4 71.2,37.3 23.8 
1745D30 5 ~47.2,33,7 19.8 
1755030 6 50.4, 5,5~ 2.4 
1755070 7 (16. 1,13. 9 2,6 
1800040 7 (50.7. 2.5) 4.1 

*Means discussed in foregoing section 

<1 

2i 

50.0 

TOT.RT 
45.3 
19.3 

656.9 
GZ-.6 
54.5 

55.0 

34.3 
13.4 

769.6 
148.2 
100,5 

4.7 
5.1 

t TR 
2 TR 
3 TR 
4 TR 
5 TR 
6 NG 
7 NG 

TOT .RN 
5.3 
1.6 

232.5 
11.1 
5.4 

8,2 
2,7 

296.6 
23,5 
13.8 

.4 

.4 

0@ 

,o 
tv 

()6 

177 17 55 

STATUS 
TRACKltiG OLD ECHO HEADING 345.3 DEGREES AT 

G 

2, 

t TR 
2 TR 
3 TR 
4 TR 
5 TR 
6 TR 
7 LO 
7 NG 

7.4 KNOTS 
TRACKING OLD ECHO HEADING 145.0 DEGREES AT 3.0 KNOTS 
TRACKiflG OLD ECHO HEADifiG 47.5 iJEGREES AT 2.0 KNOTS 
TRACKING OLD ECHO HEADING 238.0 :JEGREES AT 2.6 KNOTS 
TRACKING OLD ECHO HEADING 291.2 DEGREES AT 2.3 !C-lOTS 
riHI ECHO 
NEW ECHO 

TRACKING OLD ECHO HEADING 353.6 DEGREES AT 5.1 KNOTS 
TRACKING OLD ECHO HEADING 101.2 DEGREES AT 1.0 KNOTS 
TRACKING OLD ECHO HEADING 51.D DEGREES AT 1.8 KNOTS 
TRACKING OLD ECHO HEADING 229.5 DEGREES AT 3.2 KNOTS 
TRACKING OLD ECHO HEADING 1H.7 DEGREES AT 1.7 KNOTS 
TRACKING OLD ECHO HEADING 69.8 DEGREES AT 26.2 KNOTS 
ECHO LOST 
NEW ECHO 



"" "" 

Q@ 

~if z... 
177 18 0 

DAY 177.0 HOUR 18.0 MINUTE .D 

IDENTIFICATION CENTROID AREA 
1745020 1 (47.8, 9.6~ 24.6 
1750010 2 74.0, 8.9 2.2 

• 1720021 3 b4.0,35.5 75.9 
1735010 4 (71.1,37 .3) 24.2 
1745030 5 (47.7,33.9! 25.8 
1755030 6 (51.9, 6.0 4.0 
1800040 7 (50.7, 2.5) 4.1 
1805060 2 ( 2.1,60.6) 2.1 

DAY 177.0 HOUR 18.0 MINUTE 5.0 

1745020 1 f47.4,11.2l 44.9 
1805060 2 2.1,60.6 2.1 

• 1720021 3 (34.8,35.8) 74.2 
1735010 4 (71.4,37 .2) 28.8 
1745030 5 (48.4,33.5) 40.6 
1800040 7 (51.3, 3.0) 9.3 

*Means discussed in foregoing section 

8 

2. 

TOT. RT 
90.6 
21.0 

790.2 
267.4 
299.9 
12.3 
9.3 

146.5 
4.3 

638.9 
228.2 
233.7 
38.6 

t TR 
2 LO 
3 TR 
4 TR 
5 TR 
6 LO 
7 TR 
2 NG 

TOT.RN 
15.7 
4.5 

362.4 
45.8 
38.8 
1.4 

.8 

27.9 
.4 

415.7 
64.8 
58.2 
4.0 

&0 

0 r.r 
177 18 5 

STATUS 
TRACKING OLD ECHO HEADING 346.6. DEGREES AT 
ECHO LOST 
TRACKING OLD ECHO HEADING 63.2 DEGREES AT 
TRACKING OLD ECHO HEADING 211.9 DEGREES AT 
TRACKING OLD ECHO HEADING 112.9 DEGREES AT 
ECHO LOST 

~ 

t TR 
2 TR 
3 TR 
4 TR 
5 TR 
7 TR 

5. 9 KNOTS 

2.1 KNOTS 
• 7 KNOTS 

2.3 KNOTS 

TRACKING OLD ECHO HEADING 49.1 DEGREES AT 12.5 KNOTS 
NEW ECHO 

TRACKING OLD ECHO HEADING 358.6 DEGREES AT 3.0 KNOTS 
TRACKING OLD ECHO HEADING 170.4 DEGREES AT 7.6 KNOTS 
TRACKING OLD ECHO HEADING 67.9 DEGREES AT 2. 5 KNOTS 
TRACKING OLD ECHO HEADING 101.6 DEGREES AT .7 KNOTS 
TRACKING OLD ECHO HEADING 82. D DEGREES AT 5.2 KNOTS 
TRACKING OLD ECHO HEADING 46.5 DEGREES AT 14.1 KNOTS 



1 TR 
2 

2 TR 
'2 I 2 TR 3 TR 

3 ME 4 TR 
5 ME 5 TR 
3RM 7 TR 
4 TR 1 SP 
7TR 1 RS 

&0 ~ !lNG 6\:) 
5 RS 

(£_ 

5/J 

'\P~ L FY 
C)T 

177 18 10 177 18 15 

"" Ul 

DAY 177.0 HOUR 18.0 MINUTE 10.0 

IDENTIFICATION CENTROID AREA TOT .RT TOT, RN STATUS 
1745020 1 (47.6,10.8) 33.8 89.7 35.4 TRACKING OLD ECHO HEADING 12.2 DEGREES AT 1.9 K."'OTS 
1805060 2 ( 2.2,60.1) 4.2 8.9 1.1 TRACKING OLD ECHO HEADING 172.7 DEGREES AT 4.6 KNOTS 

*1720021 3 (35.4,36.1) 80.0 661.7 .o LOST MERGED 
*1745030 5 (49.2,34.0! 49.7 390-4 .0 LOST MERGED 
*1815032 3 (41.7,35.6 130.9 NE\~ RESULT OF MERGER 

1735010 4 ( 71.6 ,37 .1) 25.5 110.8 74.0 TRACKING OLD ECHO HEADING 168.0 DEGREES AT 2.4 KNOTS 
1800040 7 (52.2, 3.9) 9.3 44.2 7.7 TRACKING OLD ECHO HEADING 43.0 DEGREES AT 11.3 KNOTS 
1815050 5 (47.4,20.6) 6.5 NEW ECHO 

DAY 177.0 HOUR 18.0 MINUTE 15.0 

1805060 2 i 2.2,60.D! 5.8 13.2 2.4 TRACKING OLD ECHO HEADING 168.3 DEGREES AT 4.2 KNOTS 
*1815032 3 41.7,35.6 130.9 1201.1 120.1 TRACKING OLD ECHO HEADING 170.6 DEGREES AT 4.7 KNOTS 

1735010 4 71.4,35.7 15.5 82.3 82.3 TRACKING OLD ECHO HEADING 169.1 DEGREES AT 2.1 KNOTS 
1815050 5 147.4,20.6! 6.5 13.6 1.4 TRACKING OLD ECHO HEADING 355.4 DEGREES AT 18,5 KiiOTS 
1800040 7 52.5. 4.4 7.8 18.9 9.6 TRACKING OLD ECHO HEADING 21.5 DEGREES AT 3.8 KNOTS 
1745020 1 (48.0,10.6) 16.0 47.3 40.1 LOST, SPLIT 
1821041 1 (48.7. 9.6) 10.1 NEW RESULT OF SPLIT 
1821051 6 (48.8,14.9) 2.1 NEW RESULT OF SPLIT 

*Means discussed in foregoing section 



1/z I I TR I TR 
2 TR 2 2·TR 
3 TR 3 TR 
4 TR 4 TR 
6 LO 5 LO 
7 TR 6 LO 
5 SP 7 TR 

0D ~ 
5 RS 

~ 
8 LO 

6 RS 4 
9 TR 

8 NG 
9 NG 

~ I I ~ 
{:; 

o6 
(iJ 

I I (f@ 
8, 

07 ~ 
177 18 21 177 18 25 

... 
"' 

DAY 177.0 HOUR 18.0 MINUTE 21.0 

IDENTIFICATION CENTROID AREA TOT.RT TOT .RN STATUS 
1821041 1 148.7, 9.6) 10.1 23.0 1.5 TRACKING OLD ECHO HEADING 195.4 DEGREES AT 21.1 KNOTS 
1805060 2 2.3,59.5~ 6.7 14.3 3.4 TRACKING OLD ECHO HEADING 163.0 DEGREES AT 1.5 KNOTS 

*1815032 3 f41.7 ,35.3 14:.8 810.2 174.1 TRACKING OLD ECHO HEADING 47, 1 DEGREES AT 4, 7 KNOTS 
1735010 4 71.7 ,35.6) 14.0 84.9 87.9 TRACKING OLD ECHO HEADING 181.1 DEGREES AT 2.0 KNOTS 
1821051 6 148.8,14.9) 2.1 3.5 .2 ECHO LOST 
1800040 7 52.0, 4.4! 6.1 16.7 10.7 TRACKING OLD Ea-10 HEADING 293.0 DEGREES AT 1.4 KNOTS 
1815050 5 (47.3,22.1 12.7 27.1 3.2 LOST, SPLIT 
1825071 5 148.2,21.1) 7.6 NE!~ RESULT OF SPLIT 
1825081 6 45.1 ,26.4) 7.6 NEW RESULT OF SPLIT 
1825010 8 (73.8, 9.2) 2.8 NEW ECHO 
1825030 9 (62.8, 4.4) 8.5 

OAY 177.0 HOUR 18.0 MINUTE 25.0 

1821041 1 (48.5, 8.7) 18.3 60.0 6.5 TRACKING OLD ECHO HEADING 194.7 DEGREES AT 19.2 KNOTS 
1805060 2 ( 2.4,59.5l 5.8 12.5 4.4 TRACKING OLD ECHO HEADING 175.9 DEGREES AT .9 KNOTS 

*1815032 3 142.2,36.1 161.9 1102.0 266.0 TRACKING OLD ECHO HEADING 61.7 DEGREES AT 5.4 KNOTS 
1735010 4 71.6,35.5 17.5 220.5 106.3 TRACKING OLD ECHO HEADING 118.5 DEGREES AT .6 KNOTS 
1825071 5 (48.2,21.1) 7.6 14.4 1.2 ECHO LOST 
1825081 6 [45.1,26.4! 7.6 14.6 1.2 ECHO LOST 
1800040 7 51.9, 4.3 10.7 44.0 14.4 TRACKING OLD ECHO HEADING 253.7 DEGREES AT 1.4 KNOTS 
1825010 8 73.8, 9.2) 2.8 22.0 1.8 ECHO LOST 
1825030 9 (62.8, 4.4) 8.5 24.2 2.0 TRACKING OLO ECHO HEA01NG 111.2 DEGREES AT 6.6 KNOTS 

*Means discussed in foregoing section 
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.., .., 

'2 

I 
177 

DAY 

DAY 

~ d 

(f)@ ~ 
18 30 

177.0 HOUR 18.0 fUNUTE 30.0 

IDENTIFICATION CENTROID AREA TOT .RT 
1821041 1 t8.1, 7.') 8.9 25.6 
1805060 2 2.2,59.5 3.3 7.1 

•1815032 3 42.8,36.21 109.0 338.9 
1735010 4 (71.9,35.4) 12.2 52.5 
1800040 7 (51.9, 4,3) 8.9 23.2 
1825030 9 (63.2, 4.3) 9,7 24.4 
1835031 5 (64.3, 2.8) 3.2 
1835041 6 (63.0, 6,0) 2.3 
1835010 8 (74.0, 9.5) 3.7 
1835080 9 !51.0,11.6! 3.8 
1835090 10 39.6,15.0 7,8 

177.0 HOUR 18.0 MINUTE 35.0 

1821041 1 (49.2, 7.7) 17.2 120.2 
1835080 9 (51.0,11.6) 3.8 6.5 
1840062 1 

r9.6, 8.Dl 
22.1 

1805060 2 2.3,58.9 4.3 8.9 
"'1815032 3 41.2,36.4 158.0 981.9 
1735010 4 71 .8,35,3 17.5 184.7 
1835031 5 (64.3, 2.8) 3.2 9.3 
1835041 6 (63.0, 6.0) 2.3 6.1 
1800040 7 (53.0, 4.2) 17.3 119.9 
1835010 8 (74.0, 9,5) 3.7 32.5 
1835090 10 (39.6,15.0) 7.8 15.2 
1840080 5 (40.1,45.5) 2.5 

~eans discussed in foregoing section 

t TR 
2 TR 
3 TR 
4 TR 
7 TR 
9 SP 
l5 RS 
6 RS 
8 NG 
9 NG 

tONG 

TOT .RN 
8.7 
5.0 

294.2 
110.7 
16.3 
4.1 

.0 

.o 
5.8 

376,0 
126.1 

.8 

.5 
26.3 
2.7 
1.3 

b2 

~ 
fO 

0 o9 
@{7) J 

~ 

(!; 

s, 

t ME 
9 ME 
t RM 
2 TR 
3 TR 
4 TR 
l5 LO 
6 TR 
7 TR 
8 TR 

to TR 
l5 NG 

177 18 35 

STATUS 
TRACKING OLD ECHO HEADING 164.7 DEGREES AT 8.8 K:liJTS 
TRACKING OLD ECHO HEADING 184.9 DEGREES AT 1.2 K.'mTS 
TRACKING OLD ECHO HEADING 336.5 DEGREES AT 4.2 KNOTS 
TRACKING OLD ECHO HEADING 160.1 DEGREES AT .3 K:lOTS 
TRACKING OLD ECHO HEADING 1'00.0 DEGREES AT 1.8 K."lOTS 
LOST, SPLIT 
NEW RESULT OF SPLIT 
NEW RESULT OF SPLIT 
NEW ECHO 
NEW ECHO 
NEW ECHO 

LOST MERGEU 
LOST MERGED 
NE\-1 RESULT OF MERGE!{ 
TRACKING OLD ECHO HEADING 
TRACKING OLD ECHO HEADING 
TRACKING OLD ECHO HEADING 
ECHO LOST 
TRACKING OLD ECHO HEADING 
TRACKING OLD ECHO HEADING 
TRACKtNG OLD ECHO HEADING 
TRACKING Olb ECHO HEADING 
NEW ECHO 

159.4 DEGREES AT 1.6 KNOTS 
287.6 DEGREES AT 2.8 KNOTS 
136.6 DEGREES AT .5 KI10TS 

88.8 DEGREES AT 8.5 KNOTS 
81 • 3 DEGREES AT 3. 0 KNOTS 

268.1 DEGREES AT 4. 2 KNOTS 
163.4 DEGREES ·AT 7.9 KNOTS 



,1:: 

"" 

h liME ITR V2 7ME 2TR 
t RM 3 TR 
2LO 4~ 
4~ 5~ 

~ J 5 TR ~7' 6 LO 8~ ~ 7~ 
10~ to~ ~ Hi (j)~ 4 5NG 

6 LO 
6 NG 
7 NG 

@) I I (!j) 
r;...., ~ 

"1!2_ f, I I ........-{ J _6 

177 18 40 177 18 45 

DAY 177.0 HOUR 18.0 MINUTE 40.0 

IDEIHIFICATION CENTROID AREA TOT.RT TOT.RN STATUS 
1840062 1 (49.6, 8.0) 22.1 145.4 .o LOST MERGED 
1800040 7 !53.8, 4.6l 23.5 227.7 .o LOST MERGED 
1845032 1 51.9, 6.6 50.8 NEW RESULT OF I.£RGER 
1805060 2 2. 7 .sa. 6) 7.1 18.2 7.3 ECHO LOST 
1735010 4 (72.0,35.0) 15.2 134.6 137.3 TRACKING OLD ECHO HEADING 145.4 DEGREES AT .6 KNOTS 
1840080 5 (40.1,45.5) 2.5 6.1 .5 TRACKING OLD ECHO HEADING 51.6 DEGREES AT 6.7 KNOTS 
1835010 8 (73.7. 9.5) 5.5 22;2 4.6 ECHO LOST 
1835090 10 (39.8,14.5) 14.8 69.6 7.1 TRACKING OLD ECHO HEADING 103.0 DEGREES AT 6.8 KNOTS 

*1815032 3 !41.2,36.5! 133.9 1066.3 464.9 LOST, SPLIT 
*1845041 2 46.0,36.8 111.1 NEW RESULT OF SPLIT 
*1845081 3 (29.3,36.4) 18.0 NEW RESULT OF SPLIT 

1835041 6 163.6, 6.0l 2.5 9.4 1.3 ECHO LOST 
1845020 6 64.5, 2.8 2.6 NEW ECHO 
1845050 7 42.5,44.0) 4.5 t!EW ECHO 

"Means discussed in foregoing section 
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Appendix A - KART 

(i) Main Program Calling KART 

F"OR,SI ,,MAIN 
__ _..._p l_ M£ ~';L(l_N __ I'(_E_~ P ( 73 ~ 6 2 l 

C 0 ~ 'I 0 N I 8 L 0 I< I Hll N s'"','-'I;CN':-,-J""N-;-,-,D'"'I'"'S:-,-:P:c!;-,-:X'"'z;-,-:y""z;-,-::T;;CJ:-;l;-;F""F",.-•-::T;-;:N,-;1,-,-;B;-,N,-;1cc(;-:3'"0;-;0:-:l-,----
--~luR:-:N:> O.!lil l , KC 4RT • PH 11 , AZM I • TDA 1, T H 1, TM 1, ELM AX, ELIH N , TE, T DA• TH • 1'1 

REWIND ? 
F n 

NECH=30 
---~s"~I=5~L----------------------------

E"~T=1310 
=7 

Jt.I=JN 
= .1415921 

DlS-1. 

XZ=-74,695 
Z= 3 405 

TNI=O. 
DO 0 K=l•lqQ 
CALL KART(RESP,SMTtE~T,KEYl 
CAll MAPP(RESDo!"',JMl 
DO 5 !-loiN 

5 WRITE("Jl (RESP(!,JloJ=l•Jfll 
WR!TE(1lTOIF"FtTDA1oTH1tTMltELMAXtELMIN 

-~~6~CO~I~N~'-~'~~------------------------------
10 CONTINUE 

NO FI E 3 
REviiND 2 
REW NO 3 
CALL EXIT 

NO 
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(ii) Subroutine KART 

!FORtS! ,,SUR5 
S!JgROI IT TNE K APT ( RFSP • SPAT t FMT • KEY) 
Dl~ENSION RfSP!INtJNl 
CO~~ON /BLOK/!BINSoiN oJN oO!StP!oXZoYZoTDifFoTN1oBNI!JOOlo 

lBN2!300ltKCARToPHI!oAZM!tTDAltTH1oTM1,ELMAXoELMIN tTEtTDAoTHoTM 

KEY=O 

RACON=.I,706E-12 
po = -1 O.*A! Ot;10 IRACON*JOO. l 
DO 11 I=!o IN 

ll RESPiloJl=O, 
If!KCART,NF.llGO TO 3 

20 CONTINUE 
15 rnN 1 

REA0!2 lllo!CtTDE•TDAoTHtTMtTStAZMltTEoTRioTRDt 
1 TKtTBG•IfM,CBNl(K),K-ltTBTNS),JR,JER 
If!AZ~!.Ll,27Q,JlGO TO 15 

T!ME=fiO*TH+TM 
Tf!TIME,I T,SMT~~~~~------------------------------------------
00 80S K=1o!BINS 

805 BNJ !Kl=J.O,<><>( !'lNI IKl+PQl/l4ol 
PHI1=190,-AZMll*Pl/!BO, 

TM!=TM 
If!TE.r.T.!.O!,AND,T~.LT,23,0lKEY=2 

If<TE,GT,ELMAXlELMAX=TE 
If!IE.IT,EL~INlELMIN-TE 
TN?.=TH+TM/60, 

0 IE 
READ!?. llloiCoTDEtTDAoTHoTMoTStAZM2oTEtTRloTRDt 

I TKti9GoiFMoi8N21KloK=!o!BINSloTBoTER 
If!AZ~?..Ll,?.70,3lGO TO 14 

------~Tul~M~E~=~~·L*~T~H~+~·T~M~-------------------------------------------------­
lf!TIME,GT,EMTlKEY=l 
IfiABS!AZMI-A7M2),GT,JO,lGO TO !50 
GTLN=TRI 
PHI2-!90.-AZM2l*~LL~~----------------------------------------
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COT2=COTANIPHJ2l 
con-e AN P 
DO 90'5 K-1 ,Y'IIIJ'> 

905 BN21Kl=JO,**IIBN21Kl+PQl/14,) 
DO 5 J-I•JN 
IE !PHil ,I T.-P!l PHil-PHII+2,*PI 
IE(PHI?.LT,-PJlPHI2=PHI2+2,*PI 
II=INT!((YZ+J*DI5l*COT2 -XZl/DI5l 
I2=INT!IIYZ+J*DI5l*COT1 -XZl/DI5l 
IE-~AXOII~l~----------------------------------------------
1B=~1NO ( Il, !21 
1FIIB.fQ,IElGO TO 5 
113=18+1 
If(]B.LT .1 l IA-1 
lf(18.GT.INlGn TO 5 
1F!JE,GT4INliE-IN 
1F!IE.LT.1lGO TO 5 
Y-YZ+J*IJI5 
DO 4 I=IB.YE 
X=XZ•I*D1S 
R=5Q~T!X**2•Y**2l 
PHI=AT~"'2(Y,Xl 
5=A85((PHI-PHill/IPH12-PHill 
RI-INT!g/GT! Nl*GT! N 
R2=R1+GTLN 
T=IR-Rll/IR2-R1l 
II3N1=INIIR/GTLNl . - . 
F=1'1NI ( IRN2l •5* I 'IN2 I HlN2l -RN1 ( IBN2l l 
G=BNI fi9Nll+S*I8N2!IRN!l-BNl IIBNll) 

4 RESP(I,Jl=G+T*IF-Gl 
Nl E 

DO f> 1<-I•IBI"'5 
6 BNJ !Kl -8N2 !Kl 

GO TO 1 
I 

TDIFF=IN2-I'H 
------~T~N~l~~?~------------------------------------------------­

AZ>H=AZI-42 
I 
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(iii) Subroutine MAPP 

_{_f_QEU 5 I ,_,5!1R9. 
SURROUT!NE MADP(Zo!EoJEI 

--"COM!iD_"L/.B!..ilK!__lf!l.!'!S ._nt__._,)!~LdlJ.S... PI' xz • YUill! FF • TN 1':-'''-'R":N:-!1~1'--:3~0!-'0'-'l'-;'~--::-:-:---­
lBN?!300loKCARToPHI1oAZ~1,TDA1oTH1oTM1oEL~AXoELMIN oTEoTDAoTHoTM 

DI..,EN5ION Z!IfoJEI oCHARI13) oPR( 1311 
DATA CHAR /lH o1Hlo1H2o1H3olH4o1H5o1H6o1H7o1HBo1H9o1H+o1HBo1H,/ 

______ f~~~~Z(1o1J, _____________________________________________________ _ 
f'lAX;oZ <1' 1 I 
DO I J- J 
DO 1 I=1.IE 
IF!F~I~.GT,Z!IoJllFMIN=ZiloJI 

1 JF(F~AX,LT,ZiloJIIFMAX-Z(!,Jl 
FD!FF-F~AX-F~..,~N~~~~~---------------------------------------------

12 WRITEI~o3lF~!NoFMAXoFOIFF 
9 SF=10,/FDI 

RSF=1,/SF 
WRITF!6o?IR~F.F~IN 

2 FORMAT!IHO,\OXollHTRUE VALUE-oF11,5o17H X PRINT VALUE + oF11o5l 
3 E0'lMA!OH1olQX,14HMINIMUM VALUE=oE12o5t5Xo14HMAX!MUt~ VALUE=oE12.5o 

_ 15XolOHniFFRE~CE-oE12.5l 
= * F+2 

OD 5 1<=1oJE::> 
5 PR (1<1 =CHAR (12 I 

WRJTE(F,o99J IPRIKl •K-1oJE2l 
=J + 

DO 10 I=1o!E 
00 ll K=2oJFt 
JP-INT<<Z<l•K-ll-FM!Nl*SF)+1 
IF!IP.FQ,J.ANO.Z(I,K-JJ.GT.J.ITP=l3 
KE=2*K -2 
KO-KE+t 
PR!KOI-CHARI11 
IE(M00(!o10l,~E.OlGO TO 8 
DO 7 ID=21oJE?o20 

7 PR!IDJ-CHAR!tll 
8 PRIKEI-CHAR(JD) 

WRITEII)o99J (PR(K) oK=1oJE21 
10 CONTINIJf: 

DO ~=ltJF2 
---~~l~PR(Kl=CHA~R~(~\~2~1-----------------------------------------------------

WRITE (F,,991 !PR (I() oK=l oJE2l 
99 FOR'lAT(IH ol31Al) 

--~~~WRLTE<n•~Ll~LMAX~ELM~I~-N~~~~~~~-.~~~U7~~~~~~~~~~-----
97 FOR~ATIIH0ol0Xol4HMAX RADAR ELEVoFS,1o10Xol4H MIN RADAR ELEoFS,ll 

WR!TE!no98JTDA1oTHloT'll 
--~98~F~O~R~M~AT!lHOol0~•3HOAYtFn,lolOXo4HHOURoFS.lol0Xo6HM!NUTEoF5,11 

END 
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Appendix B - Program RSUM 

(i) Main Program 

tFORoSI , ,MaiN 
COMM0~/PLO/I~UFC1024l 
COM~0~/BL0C~/!B(6l,IE(~l•J8(6l•JE(6),RGA!C6l,RGA2(6l•RESPC73•62lo 

1 TI f.! E • T 0 A I .I DO • T 0 1 F F • 8 E G M < 6 • 5 h ~ ND'!-;'1~( 6~''-;S"cl:---,=~,---,,-;-------
OIMENS!ON !O(~),Rl~TC73j62loFIM(6,6loSOU<7•5loCYP(6,4lo 

l PAH(6o7l.GAR< lo 3) 
DATA/RI~ToFI~•SOUoCYPoPAH•GAR/4936*0./ 

C IB IS THF REGINNI~G CO! UMN OF THE ClUSTERS 
C IE IS THE ENDING COLUMN OF THE CLUSTERS 
C IE IS T~~N~D~T~N~G~R~o~w~~----------------------------
C JB IS THE BEGTNNI~G ROW 
C NOTE THAT I D!ME~SIONS RFFER TO X COORDINATE , J REFERS TO Y 
C IN,JN ARE THE I AND J DI~ENSIONS OF THE ENTIRE TARGET 
----~D~AwLA/T~/Q,]J,4!,3A,S3,43/ 

OATA/I~/72ol6o47o4lo5Ro63/ 

____ u0aALTAI~ftLD,?4,]9,~R~4~7~?c7~/~---------------------------
0ATA/JE/6lo?9,43o2l•53•39/ 
DATA/RGAl/6HE~TIRE,6H!MOKAL•6HSOUTH •6H8IG CY,6HPAHOKEo6HGAR5TA I 
OATA/RGA2/6H TARG,,6HLFE' ,6HBAY 16HPRESS 16HE o6HNG NET 1 

CALI Dl OTSITR!!f.J0?4.gl 

IN=73 
= 

ET-0• 
C READ I~ THE STARTING AND ENDING TIMES 

DO 4 I=lo6 
RFA!l(<;,?) l8EG>.1(J,K) oENO"'(J,Kl oK=lo5 ) 

2 FORMAT(5(JX,F5,2•IX•F5.2ll 
C FI~D THE LATEST ENDING TI"'E 

DO 1 K-1•5 
1 IF < ENn M < I , K l • G T •• 0 I.. AND • E T • L T • END "1 ( I • K l l,;E;;'T;-:=:_;;E;cN'-"Dc,M:-;<~I~·~K~l==o;;-=;;=r;---

C IDCKl REFERS TO THE TIME PERIOD OF CLUSTER K BEING SUMMED OVER 
4 ID<Il=l 

TIMO='li:GM(loll 
----:T':-:1="1.! 5 =TIM 0 

KT!.!=O 
C KJM IS THE ~U!.!8ER OF TIMES THIS SECTION HAS BEEN RUN 

5 CONTINUE 
KTM=KTM+l 
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C READ IN DATA 
DO I'> I-l.IN 

6 READ Ill !RE,~S~P~(-J-,-J~J-,-J~=~l-,-J7N~l-----------------------------------------
___ ,_RE~AO.W_IlllF_ELLDAJ •THI,PH •ELMAX,ELMIN 

IF(KT~.fQ,JlGO TO 5 
IItJF=THl+.OlitTMl 
DO 50 K=l•6 

------~~~DQ.UDI~L-~---~~~~~~-------------------------------------------­
IF!8EG~(K•IDOl.LT •• OlJG0 TO 50 

____ ..JTc.~:E-tl-'lBEG~(.K.>.lDQL.GT.TTMElfrQ_JJ.L2!J'---c:,---::-.,...,-.,-------,-----------------
C PERFOR~ THE !NIEGRATIO~ OVER THE LATEST TIME PERIOD 

IE!K,ED,llC!\11 5\IMCRINT, TE!Kl-TBCKl+l•JE!Kl-JB(Kl+l •Kl 
IF!K.E0.2lCALL sO~!FIM ' IE!Kl-IB!KI+l,JE!KI-JB!KI+l •KI 
IECK.ED.3lC!\!!' SUMCSOII , TE!KI-IB!Kl+ltJE(Kl-JIJCKI+I •Kl 
IF!K.E0.41CALL SUM!CYP ' IE!Kl-IB!KI+i•JE!Kl-JB!Kl+l •KI 
JF!K.EQLSJJ:ALL..S.U~CP!\H ' !ECKl-IBCKl+J..L..!.FCKl-JA(Kl+l •KI 
IF!K.E~.61CALL SUM!GAR ' IE!Kl-IB!Kl+l,JE!Kl-JB!Kl+l •Kl 

____ ..Jlc.~:E-tfc.~:F~N~D~IDO!.GT.TTMEJGO TO 50 
ID!KI=JQ(KI+l 
IEIFT.! T.TI~.~~~~~----------------------------------------

50 CONTI~UE 
C EVERY HOUR PRlnNuT_JT~H~F_JT~O~T~A~I_JT~A~R~G~E~T--------------------------------

IF!TI~E.LT.TIMOIGO TO 5 
CALL ~APP!RINT,IN•JNI 
SUMA=O, 

------~0~0~~10~,I=l~•L~~--~--~~----------------------------------------­
JS=INT(,288*(I-ll+41,41 

10 SU'IA=S!JMA+RINT!ItJI 
_______ 5:>!\':"JM,.,A~='C'SIJ M A* 3 4 34 • 27 

WR!TE(6,lllTIMS,TIMO•TDAl 
11 FOR~AT!lHO,lOX•20H ENTIRE TARGET FROM •E5.2,3H TO ,f5.2•4H DAY, 

1 F4,01 
WRITE (6, 121 SU~A 

12 FORMAT!lHO,lOX•l5HTOTAL RAINFALL ,El2.5,13H CUBIC ~ETERS 
M + 

GO TO 5 
99 CO~IL~~-------------------------------------------------------­

CALL EXIT 
----· .. END 
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(ii) Subroutine SUM 

(f0RtSI •• Su~B~C~----------------------------------------------------------

------~S,U,_;'l"'R"-'0"-'UT 1 NE s·u.., ( Z olE"', .JF:N • K l 
CO~MON/PL0/1RlJF(l024l 

-------,:-'C"'O"-'M'"M"-'ON(.~_LQ_C'5/.I IU_§]_!..HJ .. §_L!_.J.I2 ( 6l • JE I 6 l • Ry~_l_( 6 l • RGA2 ( 6 l • RESP ( 73' 62 l , 
1 T!ME•TOAltiDO oTO!FFo8EGM(6t5ltENDMI6t5l 

------~D~I~"EN?JON Z~II~E~N~·~J~E~N~lL-________________________________________________ _ 
IENl-IEN-1 
JENI= FN-1 
SP)(:,5 
SPY-,5 

C FINO THE RIGHT SCALE TO BE USED IN PLOTTING 
------~I-::F--':<u.K~.E;!l.-..1 l SPX_=,_,,~l'----------------------------------------------------­

IFIK.EO.llSPY-,1 
DO 1 I=lt!EN 
DO I J-l•JEN 
IOn=! +IBIKl 
JDEX=J +JB(Kl 

1 ZIToJl=Z(J,~l+TDIFF*RESPIJOEXtJDEXl 
JF<ENOMIKt!DOl,GT.TIMElRETURN 

C THE NEW ADDITION TO THE TIME INTEGRATION 
WRITEI6tl5l 

15 FORMAT (!Hll 
JF(K,NE,1lGO TO 2 
CALL MAPPIZtiEN•JENl 

C FINO TOTAL TARGET RAINFALL IN CUBIC METER~ 
l)M = 

DO 11 1=1 t!EN 
JS-INTI.2BB7*1I-ll+41.4l 
DO 11 J=l•JS 

11 SUMA-SIJMA+Z (I, ) 
SUMA=SUMA*3434.27 
Will TE (f, 2 "'I 

12 FORMAT11HO,l0Xt31HTOTAL TRAPEZOID TARGET RAINFALL , 
1 EJ2,5tl3H CUBIC METERS 

GO TO 3 
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---"2'--'--CO_t'l!L"'IJE.c-c--:----,-.,-------------------------­
IF<K.NE.llW~ITE(6ol6l 

16 FOR~Al(!HOo~~X~·~~~H~N~O~RuT~Hul _____________________________________________ __ 
DO 6 J=\oJEN 

6 ~~~i~[~~;~)~(~Z~(~I~,-J~R~)-,~~~-~~-.~I~EN~l--------------------------------------­
-----7L--'F~O_IlH.A .. Ll~!:j O ... tLtl 0.>\..!.? l>E"---LL) ..,--::-=c:cc-:---::c:-::..,--::cc-:c-:----=-:o-..,-=--::--------------­

J WR!TE<~t8lRGA\(KloAGA?(KloBEG~(Kt!OOl,ENOM(KoiOOltTDAI 
___ _.,8......LJE~..l\..!..2A~•BH REHIEEN oF6.2o4H A'JQ,F6.2, 4H DAYoF4.0t 

1 2\H TOTAL RAINFALL IN ~Mt// l ______ AHJp2il~Lt ___________________________________ _ 
A~A=Z(ltll 

-----"·Q_l.J_l=-lt.l.E!::L.... _________________________________________ _ 

DO 13 J=ltJEN 
IE<Z(J,Jl.LT.A4llAMI=Z<ItJl 
Jf(Z(ltJl.GT,AMA)AMA=Z<ItJ) 

___13_ .C!>"i.U"'1JE .. 
CINTER=(AMA-A~Il/6, 

_c_ ____ ..CON.T..OUR .... .THE .. .SU,1 .... ARRAY 
CALL CLOT(7oiENoJENtCINTERt1.tSPXtSPYt1l 

c RFI'JIIIA! IZ I 7 RO 
DO 10 T=ltlt:N 

_____ mt_lLJ .. =..\_,_JE"l 
10 7(!oJl=O. 

.. -. --- -·· ~. -··- . -- ~ -····· ---·. ~-. -· ~ 

____ __RE_f]JR.."l ____________________________________________________ _ 

EN I) 
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Appendix C - Tracking and Fourier Analysis Program 

Main Program 

[fO~oSI ,,MAIN 
IYFNSJON C'lSX!30loSINX(30loCR05(30l 

CO~~ON/~AT/MATCHI!30o~loMATCH2!30o6)oNUM!30lolETN!30lolDENT!30)o 

----~1~R~T~T!l.QJJ~RGN(b )o~ERGI!6 )~o~N~S~P~L~!~6~)~--------------------------
2 oXL!3o10loYL!3o30loTL!3•30l 

----~D~TC'lME_N5l01'LE!:H':.LU3 • 30 l • FMET2l3, 30 > _ 
OI~ENSION A~EAI!30loAREA2!30loXCI!30)oXC2~!~3~07)-,7.Y~C-.1~(~3-.07)-,7.Y~C~2~!~3-.07l----

DTMFN5ION SQlj]flj_L59~(~·3~0ul~~~~~~~-----------------------­
OIMENSION A~EA(30loRFALI!30)oRFAL2!30) 

___ .uDc.o.I,M~EN.S.I.Ol'L~'lF ( 9o 4o30 l, PER HI !30 loR FALL !30 l, IBRDS (30) 
CO~MON/PL0/J~UF!l024) 

___ .uDc.o.l.!'I~J:JFNS.l.D.!'Ul.E.SP ( 7.2.o.i>ou.--...,..,--.,.--.,.-=----.,.=----------­
CO~MON /BLOK/IBINSoiN oJN oOISoPloXZoYZoTDIFFoTNloBNI !300) o 
JBN?!300loKCARToPHIJoAZM!oTDA!oTH!oTMloEL~AXoELMIN oTEoTDAoTHoTM 

CALL PLOTS!I8UFol024o9) 
CAl FA TOR! 7) 
SMI=540 
EMI=6~~----------------------------
THRESH=1. 

NECH=30 
KEY-1 
KCART=O 
R W ND 2 
PI=3.14159265 

. =1 
IN=75 
JN=64 
IN1=IN-1 
JNJ-J~N~-~1 ______________ ~~-----------
lM=IN 

t.4- N 
00 33 11=1 o30 
RTOT ( Il) =0 
NUM (I 11 =0 

-----~IO~~NT!L12>~=~o _________________________ _ 
IETN! 11) =0 

33 CONTINU 
IBJN5=300 

----~X~Z=75,Q9* SlN!2Al.06~*~P~I~/~1~8~0~.~~~-~2~·~----·---------------­
YZ=7S~-OCJ*C-OS(28i. 06*P I /1 BO.) -2. 

____ _uTN}E~~-----------------------------------------------
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CALL RGAbt 
CAll BOX(JN •. IN) 

194 DO 201 I=2oiNl 
201 REAQl2.URE:S£_U_,_,JJ___!_,)=z....,lli_!-'-l=-=-::-==::------------­

READI2lTDIFFtTDAl•THl•TMloELMAXoELMIN 
If lJ.Hl. L T ol!t ,_l_G.Q'--1T-"--J..:ie!!4'--------------------­
U I Pi l 1 f'l 

185 25£2'! !l ?ESP'! 'f ,? 
___ _.__c.,_A,LL-~-~p __lE_f_SP->_lJM'!.tLl!"LL_-,-,-,--,---,-,--,--=--=-=---,--=------,-~,--~-,----=--=-­

CALL FOURAN!RESPtiM,JM,THRESHoCOF,PERIM•RFALL•NECHtNHAMt AREA• 
--~-~~~IB~-~LU~~,--,--~~~~~~~~~~---------­

CALL METRIC!COFtNHAMo4o30tiECHtFMETlt3tSOll 
CAl I goX 
NECHl=IECH 
DO 35 T1 = 1, NECH I 
NUM ( 11 l =11 

IDENT!Ill=IOOOOO*THI+lOOO*TMl+IO*ll 
XCl(lll=COF!ltlolll 
YCI!lll=COF!lt3olll 

---~RrrF~ALliiJl=RFAI L!lll 
DO 34 K=l•3 
XL!Ktlll=XCliLl~l~-----------------------­
YLIKtlll=YCl!Ill 

34 TL!Ktl!l=THl+TMl/60, 
35 AREAl!Ill=AREA!Ill 

DO 20 IJK=ltlOO 
DO <!02 I=2t!Nl 

20 2 RJ~A_Qj_~( RESP !Io._:o,_,J"-'l'-'''-'J"-'-::!2;;:o,_,J,!!N~l~l!__ __________________ _ 
BB :0: T l:I.t 
£j ___ _; 8 __ 6 . l I _tl_l 

'I' RGGP'J :? RCFR'T It'?'? 
---~R~E~A~D~(2LIQJFF,TDAl•THl,TMl,ELMAX,ELMIN 

CALL FOURAN(RESP,IM,JM,THRESHtCOF•PERIM•RFALL•NECH,NHAM• AREAo 
I 4oiRRD Hl 

CALL METRIC(COFoNHAMo4o30oiECHtFMET2o3o502l 
H 
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DO 36 I~=1oNECH2 
XC?!IP!-COF!1t1tl2l 
YC?!I?l=COF!1t3tl2l 
RF~L2 (J2l =RF~LLI,._I-"'2_,_1 _____________________ _ 

~ 36 AREA2!I~l=A"RE~!I2l 
CAl I MATCH! ARI'" A 1 , ~REA?, XC 1 , YC1 , XC<.', YC?, NFCH1, NECH2, RF AI 1 , 30 

1 tFMET1tFMET2tS01tS02t3) 
CALL M~PP !RESP . .!MtJMl 

---.><C":'ALL NIJ ... BER I 10. •-4, t1.5 t TDA1 • 0. ,-1 l 
___ _.c~AOIJI-'l--'N"'-li'"BEFU1.7. ,-4., 1.5, TH1 ,o. o-11 

CALL NIJMBER!24.o-4,t1,5tT~1tO.o-1l 
DO 120 I=1tNECH2 
A=COF!2t1til 
B=COF!~t2tll 
C-COF !2t3t I l 
D=COF ! ~ t 4 t I l 
COSX!Il=A*A*F4ET2!1tll+A*C*FHET2!2oil+C*C*FMET2!3til 
SINX!Il-B*R*FMET211tll•B*D*FMET212tll+D*D*FMET2!3tll 
CROS!Il=2.*A*8*FMET21l•Il+!B*C+A*Dl*FMET2!2tll+2o*C*D*FMET2!3t!l 

120 CONTINUE 
CALL BOX !INtJNl 
NECH1=NECHP 
DO 37 !1=1 tNECH1 
XCI !II l-XC?!Ill 
YC1 !Ill =YC2! II l 
RFAL1!Il)aRFAL2!I1l 
DO 39 K=1t3 

39 EMETJ !K.Ill=FMET2!K.Ill 
37 AREA1!I1l=AREA2!I1l 

I 
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(Find the Contour Starting Point) 

-'··" -- -SURROUTINE FOURANIZ,IN•JN, TRESH ,coF,PERIM•RFALL•NECH,NHEM,AREA, 
1 K4•1R~OS•IECHS) 

LOGICAL DON 
DI4ENS1QN A~R~E~A~(~N~E~C,~H~)~~.-~~~~~~-.~~~~~-------------­
DlMENSlON ZIIN,JNl,JCK14l,ICKI4l•INCI4l•JNCI4),NDI4) 

1 ,cOF(NHEM,K4,NECH),PERIMINECH),RFALL(NECHl,IBRDS(NECH) 
COMMON/PL0/I~UFI1024) 
COW:! ON /ANA/I CNT, IFCH, I DON ( 999) • .!DON ( 999 l , I SOON ( 999) • 

1 ISTS•JSTS,X51400l,YSI400),MCOUNT•ISTORE~ 
2 .JSTO~F, ISI~E. !RORQS, !RORDE• NHAM• IND•JN"'D"-'''-T'-'H.!!R_,_,E~S"'H-'-------------­

DATA JCK/0,0,1•0 I 
DATA IC 0 0 
DATA JNC/Ool,O•l 
DATA INC/l,Q,],Q 
THRESH=TRESH 
I NO-IN 
JNO=JN 

NDill=IN 

00 1 I=lo IN 
---~D~O~J~.~~~~L---------------------------­

ZII•Jl=Z(},J)-JHRESH 
IEIARSIZII• !ll.GT .. IlGO TO 1 
lf(ZII•Jl,LT.O,lGO TO 5 

= 
GO TO l 

5 7 ( ,, 
1 CONTINUE 

ICNT=l 
IECH=O 

D N(ll-0 

DO 100 ISI=Io4 
lEND=ND !I 5 Il 
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DO 50 K=1•IENO 
______ _LI=~K~*I~Il+l+(IN-1l*ICK!!Sil-INC(!SII 

J=K*JNC!ISil+l+(JN-11*JCK!ISil-JNC(!SII 
7 (I. --THR H 

50 CO'ITI NUE 
1 0 0 CONTI Nil 

IN!=IN-1 
JN!=JN-1 
DO 200 IG=1o!N1 

I STORE-I 
STORE=J 

ISIRE=1 
IBORDS=S 
If!DON!loJolt611GO TO 200 
CAll fQ! L (7,YN,JNoCOFoPER!MtRfALLtNECHtNHEMtK4.XBRDStAREAI 
lf!IECH,GT,301GO TO 39 
if(JCNT GT,9991WR!TE!6t5551 

555 fORMAT(1HOoRH!CNT MAXI 
IF!ICNT.GT,999lRETURN 

200 CONTINUE 
203 CONTINIIE 

DO 201 I=1,IN 
DO 201 J=1,JN 
l!loJI-Z(!,JI+THRESH 

201 CO'ITI NUt 
DO 31 K=1t!ECH 
CALL FOUPLO(COF!1t!tK ltNHAMt4tPERIMIIECHiolBRDS(lECHitKolNoJNl 

31 CONTINUE 
IECHS=IECH 
RETURN 

39 CO'ITINUE 
WRITE!6o401 

40 FOR~AT!IH o?OHTOTAL ECHOES TO MANY 
GO TO 203 
END 
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(Follow Echo Contour) 

[~ORoSI .. suH~ 
___ ... S.UBROllT_LNE:_EJ)I LIZ • IN.. .IN• COF' PERIM...t.BF ALLL"'ECH• NHEM, K4• IBRILS..tAREAl 

LOr.ICAL DON 
Dll.lfNSJQN AR A N 
DIMENSION ZIINoJNl,JCI 14l,JC114l•IC214),JC214!,KX14)•KY(4) 

__ _.._}._, UiiJA !_,_J_GT_(_'UJlSJli.ill, COE INHEM ,K4, NECHl, HlRDS I NECHl, RFA~C!:!l..t_ 
2 Pi;:RIMINECH! 

__ _._.o_'tM.O.N/Yllli.I BJJE..U .0.2.4.1 
C0MMON/ANA/ICNT,IECHo!DONI999),JDONI999l,JSDONI999l• 

I ISTS..JSTSoXSI400l,YSI400loMCOU'IIT,!STORE, 
2 JSTOREolSIREoiBORDS•IRORDEoNHA~,JND,JND,THRESH 

DATA !SGILJ~~JJ~2L/~----------------------­
DATA IC1 /Oo1oO,O/ 

__llAIA_.J.C.L./.O~fu~"-'/'----------------------­
DATA IC2 /1,1•1•0/ 
DATA !C? /Q,},),] I 

DATA KX /loO•l•O/ 
__ _uD.~Y-LC~_LLO•~-----------------------­

DATA IGT /O,lo0,-1/ 
__ _uD~L~UL~~UUUU~---------------------­

PJ:3,)4)59 
ISI=ISIRE 
IST=ISTORE 

__ __,JST:.J.S_LORE 
I.TRY=IST-KX I lSI l 

---~J~T~R~Y=J~KYIUL~l'------------------------­
DE=l.E-?.0 

H+ 
IBRDSIIECHl=IRORDS 

____ I~E~UlLIST•JSTl LT.O lGO TO 6 
ISTART=IST 

__ __,.!..,5-'-'T 1\R = T 
GO TO 7 

6 JSTART=!Sl+KXIIS!l 
JSTART=KYIISII+JST 

7 CONTI~~--------------------~--------­
M=O 

---I~f::-'llilllHD.S .... EQ_,2.Ll:-§S~T..=-'!-"N.=-.._ ___________________ _ 
If!IRORDS.EQ,?.)ISI-2 
If!IBORDS.E0.3lJST-JN-I 
lf!IBORDS.E0.3l!SI=3 

--~I~R~l.=IST+IC)!ISil _______________________ ___ 
JR1=JST+JCl!ISil 
Zl-Z (!RloJRll 

--~I~R~2~=~1ST+IC21~17S~I~l-------------------------

.!R?=JST +JC?. (IS I) 
Z2=Z ( IR2' JR2l 

--~~=IST~-------~-----------------­
JSTS=J'iT 
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M=~·l~~~~~~~~~~~~~~~~~-----------------------
XSC~l-IST+IC1CISII+Zl/CZI-Z21*KX (JS!I 
YS(MI -.JST+JCl (lSI I +Zll CZI-Z21 *KY (lSI I 
CALL PUTCISToJ~TtlSII 

40 CONTINUE 
DO 50 KZ=~l',~3-----------------------------------------------

------~K~S~-~~~Q~(~Z+JSI~-~1~·~4~1~·~1 ________________________________________ __ 
Il=IST+IC1 (KSl. 
Jl-JST+JCl CKSl 
I2=IST+TC2CKSI 
J2-JST+JC2CKSl 
IFCll.LT.1,0R.Il.GT.IN,OR.J1.LT.l,OR.J!.GT.JNlGO TO 997 

______ _,.T.c_F->.I..Ll,;.2.._., u_,1. OR. I 2. G T. IN .-OR. J2 • LT .I. OR. J2. GT • JN I GO TO 997 
Zl=Z<Il•Jll 
.Z2:ZCI?-~~~~~~~~-------------------------------------­
lFCZl*Z2,GT,O.IGO TO 50 

___ _lf_CABS_(1J.-Z2l.LE.O.IGO TO 50 
M=M+1 
IF!M.GL~~o~~T~0~4~5~--~~~~~~~------------------------­
JF(.NOT.D0N(JST•JSTtKSo611GO TO 45 

RETURN 
45 COHJ_INU>~-;;-:::-:-==:-;-;---:=:-:-------------------------------------­

If(M.GT.400IWRITEC6o9951 
995 F0RMALLl~J~3HPRQ~A~A~B~ILE~L~O~O~P~l---------------------------------­

JF(M,GTo400IGO TO 999 
XS!Ml-Tl+Zl/(71-Z~~*~K~~K~S~---------------------------------­
YSCMI=Jl+Zl/CZl-Z?I*KYCKSI 

______ ...r.ILF_._tuDucON_UST, .!ST, KS, 5.11J.,O"--T'-'0"--'9'-9'-9'-------------------------------­
CALL PUTCIST,JSTtKSl 

_______ IuE~!LlucCNL.§T.999IGO TO 999 
IS!=ISGTCKSl 
ISI-TGT<KSl+IST 
JST=JST+JGTCKSI 
GO TO ~0------------------------------------------------------

50 CONTINUE 
_.wR!LEL6_,_9_9_8_~:.,-::-:-=-:-c~==--=-==~-----------------------

998 FORMATClHO,!OX,l6HCANT EXIT SQUARE! 
GO TO 999 

997 WRITEC6•996llltT2tJl,J2 
996 FO~AT(!HO,lOX,4I5,9HAAIJ TNDEXI wRnE:Tr, •99-o! Isr.i-Ro<i-;Isr; Jsf; Ks'-'-,o-;M;---------'----------------------
990 EDRMli..I_Lll:L_,_I J)l\_0_5_!_5 I 

WRTTEI6•9911 CXSCMDI ,MO-ltMI 
WRJTE(6•99!l CYSCMDl,MD-loMI 

991 FO'l~IAT(!H t2.6F5.1 I 
-------=I~A·-MA_x_Q.J_L~T-5•1;-!l;,------------------------------------------­

IE=MlNO(JST+S•lNI 
---~J~6=MA!Q!J.~S~T~-5~·1~1~-----------------------------------------­

JE=MlNOCJST+5,JNI 
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DO 89? .J-JR,JF 
JR=JE+l-J 

892 _WR I1EJ 6.! !1'!5.UZ..LI. JR '-''--'Ic:=,_,I'-'B'-''--'1'-'E'-'l-__________ _ 
895 FOR~AT11HO,/t10F10,Sl 
999 CD~.c_ ___________________________________ _ 

M=M+l 

YS!Ml;YS!ll 
MCOUN~T~-~M~----------------------­

-----'I"'.:RORDE-K S 
CALL ECHOF!COF,PEPJM,~HEMoK4tNECHl 
CALL PUTIISTtJSTtKSl 
IFIICNT.GT.999lRETURN 
J;JECH 
AREAIIl=O, 
DO 160 NH-ltNHAM 

11'.0 ~REA (I l =A_ill I Il +PI* ICOF INH, 1, I l *COF INH,4, I l-COF INH,2t I l * 
1 CDF(NH,J,Yll 

IF!AREAIIECHl,GT,O.,OR,IROROS.NE.SlGO TO 161 
IECH=IECH-1 
RETURN 

161 AREAIIECHl=A85!AREAIIECHll 
----~IF~!AREAIIECH!,GT,?,!GO TO 162 

IECH=IECH-1 
RETURN 

162 CONTINUE 
RFALL!Il =RF!ISTARTtJSTARTtZtlNtJN,THRESHl 
RETURN 

-- __ E!ill___ 

(Store locations already found) 

S!!gROl!TINE PUT !I ST, .lSI .Y 5 Il 
DIMENSION ISP(4ltiPUI4l•JPUI4l oiGTI4l,JGTI4l 

--~~C~O~MMON/~A/TC~TolfCHoiD0N(999) oJ00N(999lt!SOONI999lt 
1 ISTStJSTStXSI400loYSI400l,MCOUNT,JSTORE, 
2 JSTORF,ISIRE,I80RD5t!BOROE,NHAM•INOoJNDoTHRESH 

DATA HH/1,0o-11o0 I 
nATA .IG 
DATA I5P/1,4,1t4/ 
DATA I otJ/0, ~,._,o,_,,~0!-'1':----------------------­
DATA JPU/0•0•1•0/ 

------~I~CN.Dtl.C.f:!IS+-'---:--:--:--=-==c:---------------------­
IF!ICNT,GT,999)RETURN 
ISDDNIICNTl=ISPITS!l 
IDONIICNTl=IST+IPU!ISil 

---~·lJ.!DwDN.il.C."JJl-.JSI+,)PU (lSI l 
RETURN 
EN 
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(See if a point has already been found) 

FUNCTION DONCISTIJ5TIISI1KFY) 
LOCHC~L DON 
DJ'IF"N5tnN ISPC4l11PlJ(4loJPU(4) 

---""'c':Co=-",.~.~ ON Tli N A 11 CN T • IE c='H"'~'"'r"'o~o::,:N~< 9"'9"'9,_l,_I_J~D"'o~N""""c 9~9~9~l'""",-I"'5"'D"'o~N~c 9~9~9~,'"""~------
1 IST5oJ5TSIX5C400loY5C400loMCOUNToi5TORF• 

--~2---"J 5 TORE 1 I 5 r R E--;Ifi o Po 5 1 1 A o RD E 1 NHA M 1 i:7No-i'DO-'I-'J:':N7::D;-'I'c;T"H'"'R"'E'"'5"H.,---------
DATA I5P/ll41114/ 
DATA IPU/01l1010/ 

----~D~A~T~A~JPU/~O~~~o~~~~~~~0/~-----------------------
00"1-oF"~L5E, 

---~IF~CK~~fQ,5lG0 TO 100 
00 20 K-l1ICNT 
JfCTSPIISil.NF.I500NCKl,OR.IST,NE.JDDNCKl 

l,OR,J5T,NE,JDONCKllGO TO 20 
DON =.TRUE 
RETURN 

RETURN 
100 JF"CIBORDS.NF".SlGO TO ?QQ 

JFCIST~.NE.tST+IPUCI5IloOR.JSTS.NE.JST+JPUCISil 
I.OR.ISPCISTl.NE.llGO TO 150 
OON=.TRUE. 

JF"CIST,EQ.tND-l.AND.ISI.EQ,2)DON=.TRUE, 
JEC 1$LF"Q, ft!O-l.AND.ISJ,F"Q,3lDON=.TRUE, 
IFCJST.EQ.l,AND.ISI.Eil,llDON=,TRUE. 
JfCISI,F"Q,J.AND.ISI.EQ_~4~lD~O~N~=~T~R~U~E~-------------­
IFCDON)CALL PUTCI5T1JST1ISil 
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(Calculate FMET, the ccefficients describing the ellipse) 

------~S~lJ~R~R~OUIJ~~gjCICOF,NHAM,K4•K30•lECH•FMFToK3o50l 
OIMENSTON AASI3o3loCASI3•3l 
OJ 'tENS IJ1N_SR.UOO.J 

---D~IMENSTON COFINHAM,K4oK30l,FMETIK3,K30l 
____ n.o_tS_L_.I=..l_,r_J;.l..J:]_ _______________ _ 

A=COF I 2, 1 oJ l 
R=COFI?o2dl 
C=COFI?•3•Il 

_____ _,o"'-,_,coF < 2, 4 •-I:-;l,-________________________ _ 
BAS <loll-A*A 

-----"8'-'A..,SJ.J..ll l =A*~-------------------­
BAS (1 d l =C*C 
BA5(2,Jl=8*R 
BASI2•?.l-B<>IJ 
BASI2•3l=D*IJ 
BASI3tll-A*8 
BA513 ?l=IR*C+A*Dl/2 
BASI3t3l=C*IJ 
onJOM-9~ (] t! l *I BAS(?,?! *AAS (3, '3) -BAS 13•21 *BAS (2o3l) 

1 -9ASI!o2l*IBASI2tll*BASI3o3l-BASI3tll*BASI2t3ll 
2 +9ASIJ.i3l*IBASI2oll*RASI3t2l-BASI2oi'l*BASI3•lll 

501Il=SQRTIIA*A+8*8+C*C+D*Dl /2,0 l 
DO 151 K-1 
DO 143 to-1 .3 

4 J=l 3 
143 CASIIQ,Jl=8ASIID,Jl 

CAS (1, K l =SQ I I l 
CA5(2,1(l-SQ(Jl 

----~C7'A_<;I3oKl =0. 
FNU -CASI!oll*ICASI2o2l*CASI3•3l-CA513o2l*CA512t3ll 

I -CA5(Jo2l*ICASI?,Jl*CASI3•3l-CASI3oll*CASI2•3ll 
2 +CASI!t3l*ICA512oll*CAS(3,2l-CA512t2l*CA513tlll 

151 FMET(K,Tl=FNU/DENOM 
RETURN 
END 
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(Calculate Fourier Coefficients) 

ttog.sr· • 
SURROUTINE EC~OF!COFoPERIM,NrlEM,K4oNECHI 

___ -LDuT-"MLt..EN.5.1.lltu:OEJ.N!:I.EfuJS.IuJ~!_Io_C.J!:l:!,IL:•t!POJE'-'R'-IJ.JM~! N~<J~IL---,-,o:-,--,-,--,---------­
CO~MON/ANA/IC~ToiECHoiDON!999loJDON!999loiSDON!999lo 

--~l~T~SIS~~~02J~OOLI~·M~C~O~U~~lT~o~I~SlTO~R.~•~~~---------
2 JSTOREoiSIRE,IBORDSoiHORDEoNHA~•IND•JNDoTHRESH 

OF=1,E-4 
PI:3,1415926 
00 1 J=loNHAM 
DO 1 K=lt4 

1 COF!JoKoiEC~I=Oo 
SLENG=O, 
DO 6 I-?,MCOU>JT 

6 SLENG=SLENG+SQRT!!XS!Il-XS!I-111**2+!YS!Il-YS!I-111**21 
PERIM(IECH·l=SI ENG 
00 200 NH=2oN~AM 

" H-
Sl-0. 
DO !00 y-?,MCOU~T 
S2-Sl+SQRT!!XS!II-XS!I-li1**2+!YS!II-YS!I-lll**21 
If!A85!Sl-S21.LE.DFIGO TO !00 
PX=!XS!TI-XS!I-111/!52-511 
PY=!YS!II-YS!T-!II/!S?-511 
QX:XS!Tl-PX*S2 
QY:YS! I 1-PY*S:> 
CN=2*N*PI/SLENG 
U =CN*Sl 
U2=CN*S2 
SIN1='5IN !Ul I 
SIN?=STN !U21 

5 - !U I 
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00 CO~FF COS FQq X 
T~=QX/CN*SIN2+PX*CCN**C-21*COS2+S2/CN•SIN2l 

----:!:T--!1-='-QX/CN*S_~ +PX* COl** C-21 *COS! +Sl/<;N•SI !-:N:'!-:l'-'l'=-,----­
COFCNH,J,IECHI-COFCNH,l•lECHl+2,/SLENG*CT2-Tll 

C DO COF.FF SIN FOR X 
T2~-QX/CN*COS?+PX*CCN**f-2l*SIN?-S2/CN*C052l 
Tl=-OX/CN*COS!+PX*CCN**C-?l*SIN!-Sl/CN*COSII 
COFCNHo2olECHl=COFCNH•?~IF.CHI+2,/SLENG*CT2-Tll 

C DO COFFF COS FOR Y 
T2=QY/CN*SIN2+PY*CCN**•~C-~2~l*~C~O~S~2~+~S~2~/~C~N~<~'S~!N~2=-l------
Tl=QY/C~*S!Nl+PY*CCN**C-2l*COSl+Sl/CN*SIN!l 

COFCNHo)olECHI=COF(NHo3oiECHl+2,/SLENG*CT2-Tll 
C DO COFFF SIN FOR Y COOROS 

100 
200 

T2=-QY/CN*COS~+PY*CCN**C-21*SIN2-S2/CN*COS2l 
TJ--QY/CN*COS!+PY*CCN**(-2l*SINl-Sl/CN*COSll 
COFCNHo4oiECHJ=COFCNH,4olECHI+2,/SLENG*CT2-Tll 

C CALCULATE ZERO HARMONUC COEFF 
COF!lo?o!ECHI-0. 
COFClo4olECHI=Oo 

= 
00-300 I=2,MCOUNT 
S2=SORTCIXSIIJ-XSII-lll**?.+IYSC!l-YSII-IJ1**2l +51 
IF!ABSCSl-S2l,LE,OFIGO TO 300 
PX-!XS!TI-XSCI-lll/1 
PY=!YSCII-YSCI-lll/(52-511 
!IX-XS!Il-PX*<;? 
QY=YS I I 1 -PY*S2 
T2=.5*PX*S2**2•0X*S2 
Tl=.S*PX*Sl**?+QX*Sl 
COFilololECHI=~QYCJ,!,IECHI+IT2-Tli/SLENG 

T2=,5*PY*S~**~+QY*S2 
rl=.S*PY*Sl**?+OY*Sl 
C0Filo3oiECHI=COFilo3oiECHI+CT2-Tll/SLENG 

--~~~=~~~-------------------------------------300 CONTINUE 
----~RELU~R~--------------------------------------------

ENlJ 
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(Volume Rain rate Calculation (RF)) 

l~UI·h~! t .~;dl-11-l 
FUNCTION RF!IST,JST,z,JN,JN,THRESHl 
Dl~ENSION Z!INoJNl,ICH(8),JCH(8loiCHE!500loJCHE!SOOl 
DATA ICH 1-loOolol•l•O•-l•-l I 
DATA JCH 1-l•-l•-l•Ool•l•l•O I 
DF=\.F:-?0 ..k-- = • 
ICHE ( ll =IST 
JCHE(ll=JST 
RF-Z(JSToJSTl 
MD-:! 
MC=! 
Z < TST • .JSTl --z < IST • JSTl 

3 DO 5 I-loB 
IC=TST+ICH(Jl 

11 

JC=JST+JCH!Il 
JF(JC.LT.I.nR.IC.GT.JN.O~.JC.LT.l.OR.JC.GT.JNlGO TO 5 
IF!Z<ICoJCl.LT.DFlGO TO 5 

IST=ICHE<MDl 
.JST-JCHF ( M ) 

TO II 

TO 8 

IC=ICHE(Ml 
----~~·JC~-~·~JC~FjflMLl~~~77---------------------------------------9 Z<IC•JCI=-Z<ICoJCl 

If!MO.FQ.SOOlRETURN 
RF=RF+"D*THRESH 
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(Match Echoes and Update Echo Labels) 

ltUJ.(tSl teSUHl~ 

----~~S~l~JR~R~O~TTNE MATCH(AREA!oAREA2tXC!tYCloXC2tYC2tNECH1t 
1 NECH2tRFAlltK30tFME)ltFMET2o50lt502oK3) 

pJMFNSIDN FMET1lK3oK30loFMET2lK3tK30lo50l(K30lt502(K30) 
DIMENSION NlJM"Jl30l o!ETNNl30l t IDENTNl30l 
COMMON/~AT/~ATCHl!30oh\o~ATCH2(30o6loNUM!10ltTETN(30ltTDFNT!30lt 

1 RTOTl30ltMERGNl6 lt~~RG!(6 loNSPL(6J 
2 tXL(3,1PltYlllt30ltTll3•30l 
CO~MON/PLO/I~lJF(1024l 

PIMFNSION AR~A1lN~CHlltAREA2lNECH2ltXCilNECH1ltYC1lNECHll 
1 ,XC2tNECH2l•YC2lNECH2) oQFALLlK30ltRBE(5lt!R~(5) 

COMMON /BLOK/TBIN~.IN oJN tOISoPloXZoYZoTDIFFtTN1tBN1l300lo 
lBN2(300ltKCARTtPHI1tAZM1tTDAltTH1tTMltELMAXtELMIN tTEtTOAoTHoTM 
FY~-60. 
TM=THl+TMl/60, 
PI-3,\4159 
DO 57 I=lt30 
DO 57 K=1•6 
MATCHllloKl-0 
MATCH2lltKl=O 

57 CONTINUE 
DO 56 11=loNECH1 

IET=IETNli1l 
PX- (XCI (! l! -XI ( 3• lET!\ *If) IFF I lT~-TL(3, IFTl l 
PY=tYC1ti1l-Yll3tiETll*TDIFF/(T~-Tll3oiETll 
RD=SORT(PX*PX+PY*PYl . 
lFlRD.LT,J,lGD TO 54 

~P *? R 

XC1llll=XClllll+PX 
--~~~YC~IL(~IJl=YC~l~l~lLll~•~P_Y~--------------------------------------------

56 CONTINUE 

1 

DO<i5 !2=1 \NECH2 
A RJII- AM IN l (ll\ R.fAU.Ub. A RlJ:. E~A\:"2o..!(~l~2~l~)-:-=::::-:=:-:-:-::-::-;;---------------------­
R;(XClli1l-~C~li2ll**2+lYC1llll-YC2ll2ll**2 

------~D=~REA!!I1l/AREA2JJ2L_ ________________________________________ _ 
O=AMAX!lOti./D) 
lF(R,GT,RBlGO To 3 
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IBR=I2 
_ _;___,QflB_=Q 

Rfl=R 
------~Q~C~Rui~T~R=\_.~~JLQ.LL/~A~R~M---------------------------------------------­

RCRITR=ARM/PI 
0 T!NIJF 

JF(O,GT,QBlGO TO S 
IBO=I2 
Qfl=ll 

=R 
RCRlTQ=ARM/PI 
QCgJTQ=!.5+30,/ARM 

S CONTINUE 
IM-
IFIRBil.LT.RCR!TO.AND.QR.LT.OCRITOl!M=IBQ 

------~IuF~IR~~.RCRITR.ANO.QRR.LT.QCRITRliM-JBR 
MATCH! ( Ilt I l-1-~ 

_____ _,I...,F-:'IJI.M .£.(L 0 0 TO 9 
MATCH2 ( !Mt 1 l- II 

0 F 
C LOOK FOR SPLITS 

00 201 Il=ltNFCHl 
RCRIT=ISQlllll+l.l**2 

B=FMETI ( 2' II I 
-----~C~=~F~M~~-~3~·~1~1~)---------------------------------------------------

00 lOS K-lt5 
RR(KI=O 

M4TCHlllltK+ll-O 
lOS RBFIK)-loE20 

DO 190 !2=l•NECH2 
IFI~ATCH21!2t!I.NE.Il.AND.MATCH21!2tli.NE.OIGO TO 190 
DX=XCI!Ili-XC21!2l 
DY-YC11Ili-YC~II21 
R=A*OX*OX+g*DX*OY+C*OY*DY 
IFCR.GT.RBEISliGO TO 190 
00 110 K=l,<; 
KENO-K 

110 IFIR.LToRBEIKIIGO TO llS 
liS CO "'T! NUE 

K=KEND 

DO 130 KZ=2tKD 
RBEI7-KZI=PREI6-KZI 

-~1~3~0~IR~R~(7~-~KZI=!RBC6-KZI 
RRFIKLl=-~R~-----------------------------------------------------­
!RR(KI=I2 

190 CO IF 
C HAVE NOW S BEST MATCHES WRT RADIUS, HAVING D!SQ, OLD ASSGTS 
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= 
IK=lRR!Kl 
JEIRBEIJl,GT.RCRITlGO TO 146 
IK=IRR ( ll 
ARI'"A=A<>EA2(JK! 

RB=RBEHl 
DO 140 =2 <; 
KENO=K 

IE!IK.~Q,OlGO TO 142 
------~IE~LRft£J~~L.RCRl~T~l~GO~T~O~l~4~lL_ ____________________ __ 

AREAN=AREA+AR~A2(1Kl 
_______ X~C~N~=~~~-~C2!IKl*~R~E~A~2~(~IK~l~l/uA~R~E~A~N~---------------­

YCN=!YC*AREA+YC2!IKl*AREA2!IKll/AREAN 
______ DX=XCl(Ill-XCN ... --------· ·-··---··---------------·-·· 

DY=YCl(lll-YCN 
RN=A*OX*DX+R*nY*DX+C*DY*DY 
IE!RN,LT,RRlGO TO 132 

AREA'=AR~AN 
XC=X 
YC=YCN 

I 4 0 CONTI Nl!f 
GO TO !42 

141 KEND:KfND-1 
142 CONTINUE 

DO ISO KR-J oKnm 
150 MATCHl!Jl,KR+)l-IRB(KRl 
I 46 CONTINI IE 
201 CO'iTINUE 

oo-301 I=lo30 
DUM-AREAl ( Il 
ARI'"Al!Il=ARFA~!Il 

AREA2!Il-DU"! 
OUM=XC! (I l --
XCI (I l -XC2 (I l 

- UM 
DU'-1-YC! !Il 
YC! !I l -YC2 !I l 
YC2!Il-OUM 
DO 302 K~-~1~·~1~--------~----~------------------------­----~D~U~M=~F~~F.Tl!Ktll 
EMI'"Tl!Ktll:FMET2!Ktll 

3_02 FMFT2!Ktll=DUM 



DO 101 K=lol) 
MUO-MATCHl(JoKl 
MATCHI!IoKI=MATCH2!IoKl 
MATCH2(ToKl=MUD 

3 1 CO'ITI'IUE 
MUO=NECHl 

------:N'SE:';C::=;H _I ='IE CH2 
NECH2='4UD 
IF<KTMS.EQ,llGO TO 1 
K6=6 
DO 15~ !1-Jo'IECHI 

IET=IETN (Ill 
PX=<XCJ <11 I-XI <3•1ETl l*TDIFF/<TM-TL(3, JET! l 
PY=<YCl<I11-YL!3oiETll*TDIFF/(TM-TL(3,JETll 

---~R~D~-~S9RT(PX*PX+PY*PY) 
!F(RD,LT,3,1GO TO 154 

c 
c 
c 

X-P *? /RO 
PY=PY*2,/RD 

154 CO"iTI"iUE 
XCI (Ill=XC1 (Ill-PX 
YCJ < ll 1-YCJ <II l -PY 

156 CONTINUE 

WRJJF(6e7 

ANALYZE MATCH! MATCH2 
START OF UPDATE 

7 FORMAT<lHOol6Xo66HIDENTIFICATION CENTROID AREA TOT,RT TOT, 

00 A K=lo30 
~~~~~-------------------------------------

00 850 Il-l•N~CHl 
_.BSJLIEJ.!!AICH I !I l , 2 l • EO .o l M ATCHJ (II , 2 l -MATCH 1 (II oll 

00 851 l2=loNFCH2 
1!51 IF (MATCH2 ( 12• 21 .EO-._Q l MATCH2 < 12 ,_2\';MA_T:CI-J~ I !2 d l 

IOENTN(Kl=O 
------::-'·.E.J:.!W ( K l = 0 

8 CONTINUE 
oo 300 JU'C-=-'-1-'-' 3""0"------------------------­
Il='IUM<IETl 
F<Il.l E.Ol<;O TO 100 

RTOT<IETl=RTOT(!ETI+TD!FF*RFALL<I1l 
C ~HECK 1-1 MATCHES 

IF!MATCHI(IIo21.EO,O~l~G~O~T~O~l~O~O-----------------

-~~D~O~Iu0-K=~,~~~~~--~~~------------------
10 !F(MATCHl!IIoKl,NE,OlGO TO 100 

f?.M=MATCHl( • l 
lf(MATCH2(!2Mo2l,NE.!llGO· TO 100 

11 ~~ ( ~! T~~~c;(-';;~':2-:-:M-, ;:-K:-1 -. '1:-cE::--c, 0::-:J:-:G:-:,O~T:-::O:-:-l-::O-:-O-----------------
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----"'N"'!J~.N..UEI.t:Ol?M~-----------------------­
IETNN !T ?M J -lET 
TO~NTN!!ETl=I~ENT!!ETl 

DX=XC?!!2Ml-XL!3o!ETl 
___ _.,D-=Y=-Y.C?...LL2!il..- YU_3 • J ':-,'T,.;l--;-;=;-;~,-::;--;-;,-;~-:-;~------------­

SPO-SDRT!DX*OX+DY*DYl/!T~-TL!3•IETl ·) 
---~A~N~r,~,=~AJ~~!DY•~~~~l-*~1~8~0,~·~/~P~I~--------------------­

ANG=90,-ANG 
___ JTLfJ!~AITNG.~lANG-A~G+3~0 

WRITE!Iiol09l !DENT!IfTl •lET•XCI !Ill oYCI !Ill ,AREAl (Ill oRFALL!IIJ, 
I RTOT(!ETl oA>JGoSPn 

109 FORMAT!IH ol6Xol'l•~l4~,~3.~H-7(-,=F~4-,~!-.~l~H-,-,=F-4-.~~-,~l~H7)-,=F=7-,7!-,=F7A-,~!-,=F79-,~l-,=5~X-,---
l 26HTRACK!NG OLD ECHO HEADING oF6,!ol!H DEGREES AT oF4,lo6H K 
lNOTS l 

CALL NUMBER!-?O.oFYXo!,oFLOAT!IETl+,lo0,,-1! 
CALL SY~BOL!-l~.,FYX•l••2HTR,o,,2l 
FYX=FYX-2, 
DO 111 K=l•2 
KN=4-K 
Xl!KNo!ETJ=XL!KN-!,IETl 
Yl!KNolETl=YL!KN-lo!ETl 

Ill Tl!KN-loiETl=TL!KN-1,1ETl 
TL! l• IF:T) =T>~ 
Xl!ltiETl=XC2!12Ml 
YL!lt!F.Tl=YC2!12Ml 
GO TO 100 

C CHECK FOR TOTALLY LOST ECHOES 
IF!MATCHl!ll•?l,NE,OlGO TO 200 
DO 120 I2=!tNECH2 

---~O~O-L12D_K=2~~~~~~~~~~~-------------------
120 IF!MATCH2(12•K),E0,!1JG0 TO 200 

WRTTE!6,}20l IDENT!IfTl tlET•XCI (Ill ,YCI !Ill ,AREAl (Ill oRFALL!Jl) ,· 
1 RTOT ( IETl 

---~C~ALILI_uN.~aER!-?O,,FyX,J,,FLOAT!!ETl+,J,O,o-1) 

CALL SYMB0L(~J8,,FYX•l••2HL0•0••2> 
EYX-FYX-2 

RTOT !IET l =0, 
NIIM!IE =0 

DO 131 K-1•3 
___ l(L(K.o_!E.IJ_==.J.L~-----------------------­

YL(I<•IF:Tl-0, 

GO TO 300 
C CHECK EDP MERGERS 

200 CONTINUE 
------~M~LN~(K~l~=~O~L-------------------------

210 MERGI!Kl=O 
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00 220 I2=loN~CH2 

----':-l~~~-~C~~~itK:-:):-.-:N:::E:-.-:I-:-1-:-l-:::G::-0-T:;;-0=-:2"'2"""'0,-------------------
125= 
KS-K 

220 CONTINUE 
-~~~-LQ~·o~o~--------------------------

221 CONTINUIO 
----"~ ?21 K-?~·~6~~~~--~------------------------------------------­

lFCKoEQ,KS)GO TO 223 
IErMAICH2(I?$,Kl.~E.OlGO TO 224 

223 CONTI NIJE 
___ u,O___ffi_30'-"---------------------------------------

224 CONTINUE 
---~0 225 K-2~~~--------------------------------------------------­

M2="1ATCH2 (I 25 • K) 
IFC"'2.FO,OlGO TO 225 
KS-K 

______ _,M,E:JR:<.!G'llN'-(' K l - I TN ( "12 ) 
MN="'ERGNCKl 
MERGICKJ-IDENTCMN) 
NUMCMNl=O 

2?5 CONTI IF 
ID~NTNCTET)-l00000*TH1+1000*TM1+10*I25+2 

------'0'-NU~"',:"Noc:CI>Tl =I2;;.5~------------------,--------­
IETNNCP5l=IET 

------~D~07-k~29 K=2•6 
MN=MERGN(K) 

----~l~f~C~M~N~oEO.OlGO TO 229 
M3="1ATCH2CI2S.Kl 

_______ R~T~O;o=RTOTCMNl+RFALLCM3)*TDIFF 
RIOT (M-Nl =0. 
00 230 L=lo3 

------~XL~C=L,"'Nl~=~O~.~-----------------------------------------------------

YLCLo"'Nl=O, 
230 TLCLoMNl=O, 

IP="'ERGN(K)_~~~~~-'"~TT..-o:-~.-:---..------------­-------;C~A;-'L::.:L:'-' NUMBER ( -20. ,.-yx •·1. • FLOA TC IP ) + .1, 0. •-1) 
----~CA~MB0LC-18.oFYXo!.o2HME•0••2l 

FYX=FYX-2o 
WRITEC6,226l'IFRGI (K) ,MERGNCK) .XCI CM3) ,YC! CM3) ,AREA! (1~3) ,REA! LCM1), 

1 RTOTCMN) 
--~2~2~6 FORMATCIH ,!6X,I9•I4,3H (,f~,!,!H,,F4,l•!Hl•f7,l•FB,!,F9,J,5Xo 

1 I?HLOST "'ERGEO ) 
____22.2__c_o MT_l_I•Ulc...__,,..,---=c­

WRITEC6o227liOENTNCIETl•IEToXC2CI2Sl,YC2CI25),AREA2CI2Sl 
??7 f0P"AT1.l.!:L..t.liX' !9o I4• 3H { oF4.!o!HpF 4.1, I H) oF7 .lo??X, 

1 20HNEW RESULT OF MERGER ) 
___ ___c_A.Ll_N1J ,_.BE R C_-:.2.!l_<-!f_V. X._L,-.!£:.'"' 0 A .IJ.l..E_I~l_!+c..•cll"-''_.!i0~·-••..:-:.!12.) ______________________ _ 

CALL SYMBOLC-!8.,F"YX•l••2HRM,0,,2l 
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----~-~X~EYX~~~--~---------------------------------------­
RTOTIIF.Tl O, 
DO 240 I-t 
XL!ltiF.Tl=XC21I2Sl 

___ _._L(Lt__lFTl =_'[{2_1_1 2;_;5u_ _____________________ _ 
240 TL!LtiETl =l'1 _ 

____30LCQNJ.I Ni!E_ __ 
DO SOO IET=lt10 
I I =Nll>~ T 
IF!I1.LE.OlGO TO ,00 

__ J.ILF (h/.IJ.'!."i. U.t':.T_L,_"!E ._0 l_G_Q __ 1:0 __ ?_0'-'00=:--------------------
C CHECK FOR SPLITS 
----~·Q3n5_K=2•.~---------------------------------------------

NSPL (IO =0 
... 3.05. CONT_I Nl I~ _ _ _ _ _ .. ___ . _ _ _ _ _ ___ _ _ _____ _ .. __ .. __ ____ _____ _ _ ____ . _ 

IF!~ATCH11I!t2l.EO,OIGO TO 400 
___ ,QQ_3.l_Q __ /S=.~- '-"' 

310 IF!~ATCH1!Jl,IO,NE",O!GO TO 311 
_____ ,GO_LO-A~0·------------------~~-----------

311 CONTINUE 
IR-
DO 330 K=2,r, 

---~I~F~•!MATCH11LL•Kl.E0~.~0Ll~GO~LT~0~3~3~0 _________________ _ 
DO 31, I=Ifl,30 

___ JI~F~I~~~I~E.OIGD TO 315 
IR=I+l . 
•!I ->-4ATC • 
NIJ>-4N (I l =~1 

___ _,I.uD""-JFhl.Ulti l -I 0000 O*THI +I OOO*TM1 + 1 0*~1 + 1 
IETNNI'•U-I 
NSPI IK! = 
GO TO 330 

3!5 CO!~,~~N~I~-----------------------------
330 CONTJ>liJE 

DO 331 K=1,3 
XL!K.YI':Tl=O, 

~~~YLk~IETl=Q~·-------------------------------------
331 TLIK• (ETl =0, 

CAl I NI!MBER!-?O,,FYX.J •• FLOATIIFTl+,1,o •• -1l 
CALL SY~BOLt-18,,FyX,1,t2HSP,0,,2) 

FYX=FYX~~2~·~~~~~~~~=~~~~~~~~~~~~~~~~~~~-­
WRITE I 6' 34R l I DENT I I ETl ' I ET, XCI I II l , YC 1 I II l 'AREA I I II l 'RF ALL I I)) t 

1 RTOT(IFTl 
348 FORMATI1H •I6Xt!9t!4t3H ltF4,1tiHttF4,!t!HltF7,1tF8,1tF9,}o5Xt 

1 10HLOST~SPLIT l 
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DO 349 K=2,6 
---:~-~~~~C~~-~-1 _. E_q_,_o>O_>_l ;<Go>_O_T!C0~3~4!.'9~--------------

I2=NU~~,~~~~~~~~----------------------­
----!cDo-34o L=l,J 

------~X~L~(~L•ll=X~C~2~(~1~~~~---------------------------------------
YLIL•ll=YC21I?l 

340 TL<Ldl=Tf.1 
_ __,_,, ci.l.ir:;!l':leE:R<-~o •• rvxtl.•FLoAr<I l•.l·o •• -u 
---~C=AI L 5YMBQLI-l~.,FYX_~,~~~·~·E2~H~R25~'-"'0~·~·=2~l ___________ __ 

FYX=FYX-2. 
---:----=:--"WBJ:I.E..ifl.o_)_~lJ flFNHI I I l , I • XC?_( I 2 l • YC21 l? l • AREA2 ( !2 l 

347 FOqMATilH ol6X•l9o!4o3H <•F4,-J,lHooF4,lolHloF7.lo22Xo 
___ ._1 --c:::---,-20 HNE\0 RF,:SUL T QF _ ~P__,L~I,__T,__-'l'------------'-------­

RTOT(Il=O. 
349 CQ~~E ___ _ 

GO TO 500 
4 o o CO 'III NL.,;' "'-::-::-::-:-::-::---::c-:c:-:---::::--:----=--c:-:-::=----:---:-----:-:---------------­

CALL NIJ"18EP 1-?0. oFYXo 1. oFLOAT I JET) +,1 ,o,,-1 l 
---c':Cc"ALLS.Yt!BOI 1-Jfl. oFYXoJ o2HLOoO,o2l 

FYX=FYX-2. 
_liR!ILtfu.la9l TflENT (I I'll • lET' XCI (Ill, YCI (II l • AREAl (II l, RF ALL (II l • 

1 RTOT (!Ell 

c LOOK FOR NEW--ECHOES 
R: 

DO 700 I2=loNECH2 
---~I~FJJEIN~I~·~I~-~O~l~G~O~I~O~~---------------------------­

DO 650 I=IR,30 
IEINlJMN(I).G!.OlGO TO ~SO 

IB=l+l 
__ -JWJ~LU~L----------------------------

IETNN I Pl =I 
---~I~fl~E-~TILCIJ-)OOnDO*THI+!OOO*TMI+IO*l~ 

RTOT ( ll =0 
_____ CA!-L NUMBERI-ZO.,FYX,},,_F~OAT(l 1••!•0.":"_1_~ 
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CALL SY~BOL!-18.,FYX,J,,2HNG•0••2l 

___ J:FJ.Y_,_x -.D'X::.~•'---­
WRtTE!n,66?.lt~ENTN!Il•I•XC2!I2l•YC2!I2l•AREA2!I2l 

~~? FORMAI!lH •l6X•l9oJ4,3H (,f4o111H,,F4.1•1Hl1F7o112?.X1 
1 qH~EW ECHO l 

K= 
XL!K•Il=XC2!I~l 

-~~~Y~IJ!~=YC~?~~----------------------------------------
670 TL(Koll=TM 

650 ggNT~~E~---------------------------------------------
r 

DO 750 1=1,30 
ETN!Jl-IETN~~~~~~~--------------------­

IDENT!tl=IOENTN!Il 
Nl!"!ll-NUMN!ll 

750 COIIITIN!JE 
DO ~00 !2=1•NFCH2 
IT=IET~! 121 

---~f~N~=~F~L~O~AT!~I~T~l~+~1~~~~~~--~~~~~~~-------
CliLL NUM.8ER!XC2!12l•YC2!121 ,),,FN,o.,-ll 

800 COIIITINIJE 
RETURN 

(Draw Box around display) 

!FQR,SI , .SU'l8 
SU8ROIJT LNE 'lOX! IN • JN l 
COW-10N/PLO/ I FliJF! 10 24 l 

_____ JC~A~l~I~P.LQiig~.,-3~-----------------­
FJN=FLOAT!JNI-1. 
ETN-FI OAT ON! -1. 
CALL PLOT!2.•2•• 31 

-------"C"'A.LI L..?.LO.I...L<!_.~_EJ_N • 2)c__ ________________ _ 
CALL PLOT!FJN,FJN•2l 

-----~C~A~I L_~LQT!E!IIlo2~·~·~?L_ ________________ _ 
CALL PLOT!2,,?,,30,l 
CAll PI oT!FIN+3Q •• o •• -3l 
RETURN 
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(Echo Pen Tracing) 

[fORtS! toSIJ810 
___ __,U!JHQIJI.I~E.!)UPLO !C_Q_EF •NHAM • K4tPERI • I BOROS• IECHt !NOt JNDI 

OIYENSJQN COEF(~HAM,K4) 
COMMO~/PL0/1 lF n 4 
f!NO=FLOAT!!~0)-1, 

---~F~.J~NOE£L0fl~~D~l~-~~~·--------------------­
JDIS=S 

---~P~I~-~3u·L4l59~~---------------------­
IEND=Jo!S*PER! 
IE= lEND 
IPEN=3 
IBFG-

2 DO 4 I=IBEGtiEND 
Y=CO 3 · 
X=COEF !lt I l 
QO 3 N-?,NHAM 
U=?,*!N-ll*Pl*I/FLOAT!IEI 

___ ....,05.11=! u) 
SINU=SPI (Ul 
X=X+COFF!Ntll*COSU+COFF!Nt21*S!NU 
Y=Y+COEF!Nt3l*COSU+COEF!N, 4l*SINU 

3 CONTINIJE 
IF(XoLTo2•.0R,X,GT.FIND,0R,Y.LT.2.,0R,Y.GT.FJNOllPEN=3 
CAll PI OT(X,Y.JPENI 
!PEN=? 

4 CONTINI! 
RETURN 
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(Draw Raingage Network) 

SURROIJTTNE RG4GE 
---~C~O>t'~9"'/_?LQ0_13!J_F._(J . .9_2_4 I 

DIMENSION FIX(8)oFJX(Rit5X( 9)o5Y( 9loCX(81tCY(8ltPX!61tPY(6l 
---~D'!I"::M!.<ENS T 0}1~1_Q.L!.9_YlJ I'> I 

DAT4/FTX/12,6oll,3o12~.~1-,~1~2~.~1~,1~3~,6~,71~5-.71-,~1~3~.~~-,~1~3~.~9~/~---------
DATA/F.JX/27,5o21'>,bo26,3o25,0o26,0o27.0o27.0t28,3/ 
DATA/ SX/46.6o45.?o44,2o45,2t44,5o42.3t43,2t42,7t41,5/ 
DATA/ SY /41,0 ·39, 7, 41,0 t 41 ,4, 42. do42 ,·7 t41, 9o41 .1t 39,7 I 
DATA/ CX/36,4o38,2o40.lo40.0t38,8t38.2t36,2t36,7/ 
DATA/ CY/~~,20.3o20,0o18,5tl9,ool8,Ro19.3t18,3/ 
DATA/ PX/55,?.57,1o54,1o55,9t53,5o54.8/ 
DATA/ PY/5.2....2.,51 ,2,<;Q,Ro49.6o49,5t47.A/ 
DATA/QX/62.9t61.2•58,7o58.7t53.5o53.5o47.5t47.5 

I t46.~~~~~~44.5o44.5o57.5o62,9/ 
DATA/ QY/30,3o27,4t27,4t28,5o28,5o28.1t28.1t29,1 

I t29.1o35,0o35.0t37.5t37.5o38.2o38.2t30,3/ 
IPEN=3 

7 
DO 1 l-lt8 
X=F X( I +1 
Y=F JX (II + 1. 

--~-CALl SY~B~~·Y~·~·5~t~1H~I~·~0~·~·~1Ll _________________ __ 
00 2 1=1•9 
X=SXIII +1 
Y=SY(II +1, 

2 CAli SY~BOL!XoYt.5o1HSo0.,11 
DO 3 I=1t8 
X=CX<TI +1, 
Y=CY (I I + 1, 

3 CAlL SY'IBOL<XoYt.?tlHCoO.tll 
DO 4 I=lt6 
X=PX<Il +1, 
Y=PY <I I + 1, 

4 CALL SYMBOL!XoYo,5o1HPoO.o11 
DO 5 1=1t16 
X-QX (I I + 1. 
Y=QY (II + 1. 
CAll PLOT!XtYtiPENI 

5 IPEN=2 
---~~l PLOT(48.84o29,08 

RETURN 
l"t.ID 
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